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p.1. Definitions. fluid Pressure. 
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freedom Sie withoud pat mand coe deshlule of 
Nucd attrectvon, Fo olker won _ the 5 velween omy Iwo coin 
: Rorhions. of a pevfeel f jute Le calverday § Or 2. e of compre eSsion hes 
tb the dividing surface at every pemt 580, NO SHEAR 
tial aclion COs exis st aya any eagiaary calls plane 

if a perfect. fluid is corfained tha vessel of yigid oat 
ssuure exberrenced by the was of | the vessel is Ing sre! b 
ace of conlact al ait bette. fe Oaaia 
re Bilal v purposes af Engineering , walee olcche! , car 


a ail GASES lag be ¢ lrealed Ae Perl ecl fiusds: a wrhanae 
a : Ode cas 


a GA SES AS lid a ad efins Le neS 
‘ Bisa es a definite veluine al & Given lemberalare ane ag 
os ot exp ek inte & lary er Solu pace of bewy Or | 


no “a smal ex velums ts called a Liguia Ds of whith wa 


$s 2. winch if capeble of almost indelinite exbansion or 

fon ,asterd ing 3 the. Space within The confining yessel is 
ger cr smaller, ang al ways Tends Te fir tha vessel whic 

: be closed ne every diveckon fe prevent Ni escape, 

ids are somelimes called tnelasiie {) maids and ale e- 
i 3. REMARKS. one eet eclly WE tray Treat eli he 
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? ¥ im ie f ) f 4 me 7 
uch, SEN Duige Tea ee) iy - 
= Ky d 7 i 1 Bia eit i F. at ie e : Ne “- 2 \ i 
“— Is) De TN et BAS oh nin mht 4 Ti ANE RS ean Bis or 


eed Bah 2 OPEL Ms Pare 


tek ainlni pit: Sn i 


- . 
re 


a fa Ag ews. 3 eo 
eck fe Ke ‘ 
1 ERA Ri <r Gas) 


Sevtherch: sideeng se 


« oe 


- 
: tenet ; ‘ , 
Me <j 
- . ‘ oes P : . 
4 
zy 
4 & 
4% 3 
ity 
5 api’”, 
ly rd Bw ‘ 
? Coarran , 


B53 393 DEFINITIONS. ete. Pte 
ss gble Fe @ shght extent. Thus, a cubic inch ef waler undev 
 , «& pressure of 15 Tbs. on each ef ily six faces loses enly fifty 
— wadleenths (s,0000 90 ) of ils original velume, The shight co- 
hesion existing belween the particles of mec lguids is Tao inaig. 
nifreant te be eendiderect am the bresent connection . : 
ss The proberly of indefinite, on the part of gases, by which a eon- 
oe fered wast of 945 ean cenfinue fe fi @ confined shace whith is 
See pregressively enlarging , md exert pressure against ils walls 15 

salisfaclerily explained by the “ Kinehe Theory of Gases accord. 
ae ing te which the paseous parkeles ave pevjeclly elastic and in conlne. 
wal motion, ampmnigin agaist each other ana the contin ing walls, 
_ Nevertheless , fer bracheal purposes wwe may consider agas asa ten 
— Imaows subslance. es | : 
ie  Althens) hy the whslracicn of heal, ov the abbhealion ef areal 
Bes pressure , @r beth, all Known gases may be reduced fe liquicis 
i (Some being even solidsfied ) s and. attheugh hy converse brecessr $ 
Le Gmparling heal and dimninishing the pressure } hquccds may be 
a Trees form ec info gascs, the range of ler beralure and pressure 
fr all problems fe be consideved iv thos work 1s supposed Lepl 
is willy such linils thet. no elreme changes of Slate , of This char- 
ae acler, lake place . A gas abpreaching the belnt of liquetar- 
Ee ~ Tep wealled a VAPOR, | Foie enamel ae | 

~Belween fhe solid ond the hquid atale we fond cl} grades 
of inlermediale condilions ef mailer. For example some sub- 
Slances ave deseribed ag soft amd plasht solids as soft 
pully < maisl earth jlch and fresh mevlar ; and ethers as 
visteus and sluggish Naquids »%S Molasses, glycerine, Suck 
ad Paese are not considered w the present realise. mi, 

394%, HEAVINESS OF FLUIDS. The werkt of a. 
— auchis unl af ao homogencous flusd will be called ih ea» 
a‘ q7TeSS | ow vole of weight (See § 7) and is a measure oils 
density, Dendhng itt by » (ganime) and the volume of a 
definite. porhow of the Jlutd by V, we have, for the wemght 
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eee HEANINESS or Fivios 
of thed porkion Gr nike 
This , hike the great majority of cgualicins te be used exderwed 
a an ae work | is of hamoyencous form (&6) i i.€. odmnis of any 
_ayslen, of nite: ae .9.,n The melre~ kilogram. secand sysler , 
aah ak 16 Jive wn Kiles. per cubis melye. 3 ¥ mut be express ed 
in eulie ivelres andl G will be shared im kel@S,4 axa similar. 
; ty. te any other syslem, The quality of r -Cey” 4S QWs 
ae dewbly one dimension ef force divided by three dimenstans of length, 
Ye the following Table ,w the case al gases the, Tem pevatiane 
ae und pressure are abana ok wheeh they have the Given heay!- 
ap ness, Smee under elhey eonddions the heaviness would be dg 
ee: ferent gm the case of liquids however, for ordinary purposes the 
3 a chied al x change mi lew. peralisve may be negleded. 
: HEAVINESS of VARIOUS FLUIDSTm fh ib, see-sys| 
ae va 5 ahs hed in dbs. af a tubic fos ook, 
ce? neu. water pF. ic ee eo Ca at Ferap. of freezing; 


Seq oe : 64.6 — dawd UAT Ths. bev sgn 

a Mertury ee €4§, 7 * tensigin 

— Filgehel | —49 3 Atmes phere Au 0.08076 

Crude Petroleum opeut SS.0 [Oxygen ; 6.0892 
Sey has 8. A cubie sach ef waler ric : ; C.O07 S§ 
Me (0.036024 ths.: |Nydrogen 6.0056 

Ponts mat: a enbit ns }000 av. oz.\}) rociy 9 from 0.0300. 
ao to 0, ote? 
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> ter ala “RSL. +S eo. Shae ae ee a a ee 8 Ee ae A ee 
= ee ers, pee oa a >. rye xs We aS ae beer 
alae eee Via ea sed a a tie ae a ae 
ee . . se al } + apes 
‘. ci or or 
EP. Nr i : 


= Fxareh What eae os ef = gas. ; fe 32 eub. in, 
o| which weigh C, 2. 368 gunses 2 Use a Th .See. syslens 


+438 euch. ivs, < va eub, 4 ft. as Q. 365 OZ, = 6.023 qbs, 


ety = S = 2089 = 0,092 be br tetb fork 


: _Faauyple 2. Required the werghiL of a right | prism Gf meer. e 
ae : eae om S tech secl: on and 3c inches altitude , oe 
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 -§394% HEAVINESS ee FLUID PRESSURE. 4 

: {rem the lable i fer mereuvy = 848.7 Ibs. per cub. ft. 
Me ik ey, . 8 yy gae.7ze 14.73 7 

Bs. its weight = G=V; = ae X 8 ie [4.73 ths. 

c aS. DEFINITIONS, By Hydraudies Called alse Hy- 


a dromechanies by same vecent writers) we undersiand the mechan: 
4 1c5 of fluids as ublzed ix Engin a : Ti may be diwded mic 
Ps Hyaresiakcs ,lrealing of Maids al resls aud 

x 7 Nydrodynarmics (er Hydrokinelic’s ) whee deals with feeds te 
4 melon oa CThe name Preumalies % Somretine BS msea To cover 
3 bale the dlakes and dy nannies ff GASES Tuid $) 

rs. Before . Separately of ee ids and SES « few bere, 
graphs will be reserved leable to bath kinds of fluid al rest 
«3-96. PRESSURE PER UNIT AREA or INTENSITY OF PRESS- 
a URE, Asin 5 18d ws dealing wilh seleds , 20 herve willi{ heds we 
 indicaile the pressure per unit area behveen fro conlguous bor- 
tions ri fluid, av belween @ bey and the wall | Ye contain. 
ing vessel by P 4% that } dP is the telal Pressure on 
-@small area dP we have | wt: 


; Ce, Seen ae a a a a 


@ os the pressure bey amt Grea, Sy intensily of pressure ( of lew 

? talled the tension te speaking af & gas) on The soncll Sar - 

face df. yf pressure of the same inlensity exisls over a fine 

3 ‘ile plane surface of aren = F , The tolol pressure on Mat 
=. Bey pe = } jdF = Fp oe a8, 
ae ? 4 
7 or po =. } Bs 


4 CNB, Fer brevily fhe aati word pressure wal ADM daar 
be used , inslead of intensity of pre Ssure, where ne amnbrguacty vow J 
aise). Thus, itis found that under ovtiniry condilions 
at the: sea level the almoshnere exervis @ norma! bressure 
Ger na}, because flurd pressure) on all surfaces, of Zan wleus- 


= |4-7 Ibs. per sq.inck (= 2116. dbs per sq.ft, 
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a 8 396 _—sHYDROSTATIC oe § 
and called one abiosbhere ) so thal the ye Blrnesbhertc 
* igh one suvfoce of 100 s¢-ir, . fer examble, : , 
= Frp= jooX Ue7 = [476 Ves. os o 
The qualily of Pp §S ae ane dim e2 yS! Hi 6} 
a dimensions ef len 
= 3877. HYDROSTATIC PRESSURE ; PER UNIT AREA im 
: Ete jwlenor ef @ 4) uid at rest, Tr a ios of fluid af caniforn. 
starind at vest, ik js required t, fad the pressure perunit 
mreo, Se Tre Povlions sf ce mele arn ‘obpodife sides dj any : 


ry culling plan ¢. As os re shall consider ash eR 

Pa the f uid as free . »»Y Su rying forces exevied a hou 
4 ali conkiguous porlions 4 sa ey hod wall) also thateof 
the emih (their weights ), and apply the conditions of equi 
—tbrlae. Ferst, cullrieg p yee sy eee) Fig. 443 
=: +n shows a hoe ly homogeneous fluid Cenfu- 


ng el closed al the Tob wik a 
smal airlig art bul frichurless pislon, 
cciond disc) ef wesght < G and 

exposed {- ales exic bressuve (= , 
‘per aanit avea) en ws upher face. het. fie, 
aren of lon-foce be = F. Then foe 

ee The equilibrium | the piston the Poe 

4 ( Fig, 443 belween ts under surface and The fleatt af 

as mus be (fal) P= G+ FR, Cind the Antensilty qe ras 


i pressure is 2 


—— f 
*. al — ee ea 4 


te is epee pres f find the infensily | P> f fluid press: 


hens i teniigueus le 
ure wten a eee, cuttin plane B eS at ss verted dis- 


ha = kh verbally below fhe beshor Ott, xi Bat we. 

hove as a pe ely the wight peraiiclopibed OBC sf Fig. 443 

with verheal Sides C twe he Te paper end four a ‘te aa : The 
* 


&b ressures adang Gn vs 31K faces are ora 46 them yvesbee! ye 


—_— 


ss 


ee) 
p>? 

ep oe A 
i 
ee 
a 


aa ; 


a 397 F}UID PRESSURE | ny 
eh. amd the weight et the prisw ig = vol AY = a: hy, jachd ee 
q ca te hawe the same value at all paris of Ne celutin. 3 This ts 
by “praca ace for any height of meee earc} for & Sinod} ea of 
; gas | foc € prism :S it equi, under the Fp, 
‘oe shown mw the ¢ tygere and se shit beso 9 44 ial 

weve it ‘%m becorne regia We may but (§ 36) ras eS 
oo ee a euncl ne ebloun race 


een 
On ee ‘ pressures an The vertical Ae ee 7 a4 
ua i to pap tr have no veri. cove Pons, hemee are Hot - i 
a Frem (23 we have Fp 
9 ps (ee Te eee (3) Fig 44 


Oy cn the weght of @ column of homogeneous fluid of wally 
Beicase and height hk, would be the Telal pressure on The hase 
a such a column if ae wik ne en ubber base 1 Oed bewec? 
iq might be called anlensily dus Ip wei 
a aaeee eudiiirg Plane hans Bias Consider 
‘— See re. free om orifiinitel y small right Frangiular prin 
: “bed , whose ie axe “1 te The paper, 
white the Three side faces (pedangle®) 
par having Sreas = af, dF gatal, 
Gre respechwely inst ver cae 
oblique ; sleh angle hed = x, ‘The 
ie ! — Searfoue be is a Porlion of the plane — 
‘eo Lt wi, f BE of Fy tae, Given PG 
eam on aF} Ona ,requred PR, the inlensily of pressur con 
@ cblique face bd, of aren dE .[N.B, The prism is taken very small 
é ches fae! the snlensity J pressure may be cousidered tonslent over 
, y one face ; end alse thal the weight of the prism may be neglesled sree 
ch te veives fre velume (hree aprevraions) of The, iin while the hed fae 
tr pressures invelve only Toe aud % <3 a ddferenhal af a higher order 
‘ ‘3 fas > Get. gombons,) = 9 we shal Vie 
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oe 397 FLUID PRESSURE 7 
i Pa at fas OX — pdf = O03 Gato FS af = COS of 

e A whick ie mdebendent of the angle om . 

Hence, fhe znlensely of flutd pressure @l a giver pet 
4s the same am allimaginary calimng planes containing 
the pozrz?. This isthe most tmporlant properly of a fluid, 
«BYE “The WIENSITY CF PRESSURE JS EQUAL ATALX 
PINTS OF ANY HORIZONTAL PLANE ino hedy a{ homoqen - 
a fous Fluia et rest, If we tonsider sai prism of The Shudd | 
oy Fy. 443 of small veviical thickness Ws KS lying in Gry her- 
—s ontal plane BC, its bases wil be vertical aud of equal area. 

aF, The pressures énjts sides , being nermal ls Themyond heuce 

; te. The axis, have yo combenewls it 4o the axis. The weight of the | 
s prise alse. has no honzonlal gemponent Hence vom Zlhor. 
combs.) = Owe have, p,-and p . heting the pressct lengiliés of 
Bee Persiaf 4 dFeo p= }j----- (4 
whieh proves the <lalement at the head of tis artile , : 
ie Tt is new plan j {rom this end. the preceding arhiele, That the | 
Se: 255 inlensily at any point in a howeg trees fluid at vesl ts 
m egual fa that cel any ug her port, pias the weigh] (Ap )of . 
a eelumn of the fluid of seclon unily and of odhitude (hy) 
ss verlical diSlanee dglween the poinis. | 
Mee (EB tp ww... |) 
 ihelher they are tp the same verlival or nol, and whaléver 
be the shape of the conlaming vessel (or pipes.) providea the 
 flaict is continuous between the hue ports 5 for, fig. #6, 
ps by considering & series of small brisims ‘alters Lerteea) 


¢ iq 


Fig. and henzenlal, obc de, we know that 


SSE CO 4 


4h g ig Que vg 
sane ae, Ahn sere 2 = ph = p if 
ae hi 7S) ee a es Mae & 
ia % epee Bip Pet rage = : ip =! j 
Ber) -+----—.--- =. se hence , mally by addition we have 


ui FLUID PRESSURE ¥ 

| ?, + hy Gh whick h= hh " 

bes = ce at. . = por o gmc} Piston re QO, of aren = ie a force P 
| ae be ¢ exerled , ard an wmelashe fluid Cnqued) compltely fils the ves- 
* se, then . equilibrium, the force Te be everted ay the pision 

’ _ te, vize Ee ie Thus computed ; For equediboie | p. = = fs + hp 
and a equll, prslon oO, b= P+ Fa 3 j also pe zp + F, 


3 fee et Say .- ne 


+e a (3) we = thal if the prs are all the same )evel (hea) 

§ he Tolal pressures oa Thar inner faces are diechly preperhonal Lb 
thei. Orcas, 

= the fluid ts gaseous (2) and (3) are pradheally correet af 


a w nad BS 106 feet Gor bem combresssble the lowey trata Gre Gtn- 
“eradly mere dense thou the upper) , bul in (3) fhe pistons must be fri. 
Kegs and i nad Bs refer solely fe Hie inleér pressures, 

Pi Ages, if h is asad or P. very great , the Term hy MAY be o- 
milled allogether m eq 2) aud (3), (es pesiedly wilh qaseS smee 
_ferthen ete ig usually small) and we then? aay (aj 
.: ak a ae pe ol 7) 
Fis. the aigebratc for ze The slalemenlt Q ra of fluid atret 
 Pransmils presswe wiih eguedl tnlenstly WRN wn every arreelicn 
are a) ell of ws paris. | Principle of Equal fonsmussion g Pressure’ ‘| 
394, NOVING PISTONS, If the fluid i iy Hb isiglasle, 
or and The vessel wal)s vegtd , the mehon of one pislor. ‘ahvough 0 dis & dis - 
Ss Tauses the olher lo move Threagh a dislance 5 delermmed 
Fae aie h oo im $= Z a (Csmee the velumes described by them 
eas rust be equal) aa on Soracat of the inevita of the liquid ond fee - 
‘ T Tian on the vesse) walls  equalions. (2) ond (3) ne longer héld exacl- 
yy bul aye iy access Truc if the molton is very slew aud The wes 
} | thert, as with The cylinder ef « waleys pressure engine, 

Ba if The fludd is compressible and elashe (Gases ond vapers$ 
ao, or air) and hence sf smcxl} density, fire effect of eriea - 
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$378 _FAvID PRESS, ON PISTONS 4 
ard frielion is nol abbreciable tn short wide vessels like the ey- 
| ae : 

Tinders of sleam - and ar-engines and These of air compressors: 


aeaae | Ton moves leveavd She el the inlensily of 
Pe Oy ae pressure, , of the sh anainst the mov- 
: oe ing pislon B 1S “pradkcall y equal To that q— 
Fig. LAAT geansl lhe cylinder ~head A at lhe Same Ms 
377. AN IMPORTANT BISTINETION belween gases and ti 
_  guids Cj.e. belween elashe and inelashe fluids) ronsisls in thiss 
A Viquia san exert pressure against the walls of the conlaming 
vessel only by Ne weight, oy Gwhen confined on all sides) by Trans > 
ny. milling bressuve coming from without Cdue fo prslon pr essure jal 
mosphevic pressure ,<«ic.)3; whereas : 3 
A gas 3 confined 508 %E mash be on oll sides te prevent diffusion, 
exeils pressure © on the vessel net only by ik ae bub bet by 


its elashiedy or lendency fe expand, Tf pressure jrom wethoul is al- 
so abblied. The gas is compressed and exes a si 
on the vessel walls. | 
——- 400. COMPONENT, OF PRESSURE INA GIVEN DIRECTION, 
og Pig 4g’. Let ABCD, whose area = AF, be a Ssmodl element 
A of a surface »plane ey curved, ang p the infens- 
B ily af flusa pressure uber this element thex 
Ihe tial pressure ubon it is por and is 
nes. of tourse norma) To it, het A'B'cp be 
LAL) the projection of The elemenl @F upon aflane 
oD fA COM oilers g an angle x with the element, 
.,. Fe 448. and)et tt be requrred Yo find the value of The com. 
ad penent of per ino dveclion 7207%7Ql fo This Jasl plane ( the 
x elhey component bem it To the same plane ), “We sho have 
—— Compon, of paF T lo CDM 1s Pdf cosa = B(dF cose)... (i) 
Bub dF cose = area A'B'CD, lhe projection of dF upen the hlane 
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-§ 400 FLUID PRESS. _NON-PLANAR PISTONS, 0 

eb pes come xa dart) 

he, The component of flucd bressere (en an clement of % rur}ace) 

} Ma gwen a@irechion (the dher-combonent being “T be the f ist ) z$ 

“3 Jound Ly multiplying the enlensiliy of the bressure ay the area ) 

ase of lhe projection of the element apen a plane J lo The gwen dire ee, 

: * 4.0/. NON-PLANAR PISTONS, Fram the fore ong t {dlows 

that the sum of the combonenls it to the prslon-rod jsf the { luied 

4 as ‘pressures upon the piston al (A) Fig. YU ic yest the same 
RS paar . 5 eee al (B) if the cylinders 


5 are of equal size and the 
q sleam ey air is ob the Same 
a St- 5 _ Tenston, For the sum of the | 
Ae ee rojechons of ai The elemen£ 
B Law ie RAG + 

. ; 5: the curved Suvface of A 


a ubon a plane | fb the pislon-rod is alway $ = nr *= area of Sec- 

p hew of eylinder—bore. ¥ the suyface of A xs Symmedneal abeul he 
= axis af the cylinder the olke, comporenls (i.e thes e] Ie the piston~red) 
: . will neufralize each che. Hhaf surface js irregular | however, the 
. pision may be pressed lateral) against the cylindey wall hel the . 
trust along the vod oy “twor meg joree “(S§ 125) 4s the sameé.in 
. alt mslancesasif the Surface weve plane ond [| h piston red. 

© WO2.BRAMAH, ¢-.9'---42..9 TE 

me SR NYDRAVAIC, PRESS. M ro 
a This is afombar instance 2 
af The prmciple of transmis- 1) 
ston of fluid bressure Fi, 
oa eat Litgn bis lor mg i a et 

Re ot O have xdiameler d= TOW. ges 
oa —4 us ft while the plunger : =a sos 
 E ,er loge piston has adiamedar d“= AB= CD =18 ae +. 
The Jevey MUN weighs G= 3 Ths. amd a weight G : 

= 46 tbs. ie hung an ™M. The lever-arms of these forces about 
the feleram N are Gwen in ihe foure, The abbowalus bering full of 
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——& 402 > HYDRAULIC Pee ee OE TPS 
wale, the>- acre . pressure as os laa the Smali pislon 18 found by 
3 pullistg EGaoms, about, N) for the esi clind of the levers 
— whenee {ye Yb. sec. | xy 

eS 3 tte 196. Ths. 


PKI #oX3~ 3XVH0 a 


Bat, seroling lias breseure by Ps. ease the: ef le wale 
; if seal ‘the Piston by & Lr & pe unit area), WE may alse wry) e 


Ss Pb ES Pe ose ores Solving for p, 
 wehave, Paling Jo= U7 KIM Ths, per 59. 


ie pet: U7 Kee = sn Yes — {e 


-, ee. 28236, + 3X62.5 = - 28 493. tbs one £9, ~ 


ae = 175.6 ‘he. ‘ber § Sq.inch oy WV. almeshheres, and the to. 
ta tbward pressure ot @ on base of | spceel is 


Bere ep = we ‘Be =a % y B8H23 = 31TH tes, 


wv almect ‘6 - Tons(ef 4 2860 tks, each ), The compressive 
pov. he block ov cle , , will = “P less the weight of Ih 


ger andl Total. we. pressive en @ circle of 16 tn, dene 


i PrO3. THE DN DING SURFACE OF "Two FLUIDS Gwiten 
_ DO NOT mint) IN CONTACT, AND ATT REST, {5 A Horizon TAL 
, PLANE. fer, ne S57, supposing ony hws points € eet 
ae | A This surface te be at “different levels (the pres 
rary uye at G hem oe thal al 2 @ fe, anal riiee 
- PIU YA) heavnesses, he. twe fluids » amd yp ve ~ 
Fs ee spechively swe weuld have s{rem G& Considera. 
& © fa O' hon a Me Two el emenlary prisms eb aud bo 
ez Crverhied ana hovizonlal) the relahon 
Sar ty PF A, + hy, 5 while from the prisms 


bec Sm CoO , lhe ee = ae 
cS a B= f+ hy, . 


Fae es equalions are 


tcling cues the ahoxe subposilion is absurd. Fence lhe 
7 oak % True. 
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5s e Ale res a 
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x as : ic j th 7 mei 
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- + et a res) “a 
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ar MED ESLER OI 
‘ > Pe Po aa a pay pe} " 
3 i pe gtk ) aee 
’ yt: 
y ‘ ne ee ae i She 
4 « 3 * = tk iy Oe 
a 3 "es ao" so 
, . i SO Le eee on: pe ta Was ees . ore 
‘yt ‘ e We 4 a) e rer. i st 7. 
4 7 a 2 aa 
Pi “tary > rh, itis Rae, ina vie { ylanals 
r® tal: aise na pee — ea nee 


—bolfom Fig, 485. On account of the broperly |i oi 
tabled | diffusion the particles sf Yiwo gases plece a ee 


i éd ivi contact soon inlermingle and jorm a Unt - 


Ueally horvi2ortal . he 


& 403 FREE SURFACE OF LIQUIDS: 12 


en a REL CCAR 


seen al ie aaa aaa eat Olt ene eeprom sonar ANN 4 errr cee 
ss the lowest bosilion im the vessel ond if Neve are Several {lu- 
ids (which do not mix), They wil arrange them selues vevlically nv 


the order af i, er Bensitres , the hea wrest at the 


form mixlure, This fact gives shrong ne fi 
Pre Kinehe Theory of Gases." (§ 393). 
Yo FRep SURFACE OF A LIQUID AT REST. The 
surface (Of a liguad ) nob he cov tal with the walls of the contormardg 

~ vessel ts called afree surface, aud is mecessart ly her - 
| izonlal (fom § 403) when the liqute is at vest. 
Sere | Fig. AS 9. [A qas prow ils Vendewcy To indefinite er. 
bansion is inceaba ble of sen artree robe 


oie » 
¥ : a? 


. j ‘This ts True even if the s above The tg aa KS 
i Fig 987 i VACUIUS , for if the Suy lage wey a snelincel Sy Einrey - 


| acl bolls th the badly Te hquad and Vn Re C 
same horizonlal plame,> rudd have different haghis Se heads } 
of quad elween then ond the surface , producing different ah~ 
lemahes of pressure i. The plane, which \s contrary Te 5 39S, 


When Varge bodies of liqucd Wee the ecean, are considered gray 


ity com no longer be regavded ag aching in bawallel lines s tons e- 
quently the free surface of The liquid ts curved being “| te The diree- 


Avon of Cabbarent) gravity al all points, Fer oxdinary engineering pes 


‘poses Cexeebl in Geedesy ) the free Suv {ae e of waley oil vest i6 prose - 


~ 


4-05, TWO LIQUIDS (which dowel mx), AT REST INA BAN? 


‘TUBE OPEN AT BOTH ENDS To THE AIR, Fig, 460; waley 


a andl mercury {ov instance. Let ther heavinesses be y, amd yp, ree 


oon 


oe O, sbeelively Une pressure at € 

may he writen €§ 396) 

“Lee oe Sa a pos Ph Be hs nscne OF 

Sor : fa ; or P a ; hy | (2) 
eel | e = ho + iP dd emt ; 
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Ar 05" TWO Li@vins IN BENT TUBE | /3 


neal 


- accordin AS we veler it te the waler columr ar the mertury 
A  telunnn and They respechve tree surfaces where Ihe by essure. 
ie’ ® --. ree % ‘~ 


the Two ligueds * H ence we have 


¥ b+ hy, = R+rh,y, oe Se h th, a Ae ee, 
ie. the heighis of the free surfaces of the fue liguids above 
Py: the surface of conlaecl are in versely properhéncd t> /hew respec - 
, fave Aeauinesses, | i oe : 
x at Example, YY the pressure oes 2 almospheves( § 376 \we 
Re Srectl have drom {i} (aneh wlbs ser. system af units) | 
Ape = Pe P= 2X RTH 299.4 Ths pew 87, inch, 
msl = 29.4 2 (5 45,.7-41726 |= FO inches 
a (ince for meveury ye S46.7 Tbs, per cub, ft.) Newre frown (3). 


ye ak ee 
a fe G2. k + 178 | 
a Le, fer eg iaalibriicws and Thal, he may = 2 almesbheres hy, and h 
Gf wafer amd mercury) must 30™: amd 84 feet respechvels, 
P06. CITY WATER PIPES, If he verbeal distance ef a 
point B oj rm waler bbe below The free Surface, of m veservory, an) 
. The waler be af rest. the pressure en the inner suy{ace of the bbe 
al E ( per umb of area) 4$ a hes , 
be B Poo /, + hy andl here p. = p, = @ftn7s, press, 


fs 


Example. he 200 ft. Casing the tich, 2b, and second ) 
oC px eT [Roe x 2\[ 62 St 16] = /01,S tbs, per son, 


The Term hy alone , = $6.5 Ibs. bey squinchy ‘S shoken of as lhe 

— hydrostatié pressure due te 200 feeb height ey" HEAD” of 
ony pA ie z Pict a sel 4 

wetter, (2¢ee Fraudwines Pocket. Book fov atable of hydrosiele 

| pressures foy vayrous depths .) eee hoe" 3 
Ff, however, the waley os flowmg through the bibe the press- 

re sqamsl the tuleney woll becomes , (a problem of Kydvodymamies 


a 406  BAROMETERS ck, he 
5 be lrealed subsequently)while if if that wetion 16 Suddenly sheck. 
- ed the pressure becomes momenlarily much ev ealer than the hy- 
7 -— dvostatie This shed i 6 tailed * walsy -ram rm : eam “ weoley trammer” 
hey, a ane NANOMETERS ree FLUID 
Pimessuns. if a: tube, elased ab ene end, | he flied wile wa! rer, 
amd the aliey ent i seville, tS ef ley ward ae 
ander waley | the closed end emg j o(verheal height = / it a- 
tes 7 4 $ howe the surface of the waler, if is required k 
4 = fd the wnlensity of {lued easiere at the la 
ff the ¢, B: sah osiny ib % remain fd. 
wilh walle « Fig. 461. at E thsele lhe 
tube the pressure 1s Mp. ok ths, per $9, mah, 
the Same 4S thed outside A lhe Sam € es 


36 278), hee, frm f “hth, p, =f-hy « eae 


mE Kample. i al bs: 10 feet , (wath, inch |b. sae, sy slaen) T tie 
7 7 ~ 120 X [62.8 + 726] = J0.4 dbs. per-rg sted, 
ge abo. %, @ an din acthiove. | Hines we maguire the 
Brahe «eh te make Ps = z2¢ro , we pet B-h = GF ane 
B itad he 4ok imehe;s ig 34 ae is cated the height ef 
oe waier baromeler . Wenee, Fig. 461 , ordsnory Asieshhere 
pressure will not suslam a ius of en higher thar “BY 
fect. Tf wrercery is used inslead of waley the height Supper lek 


hg one chwoshhere will be a 14.7 [646.7 1728} = 3O inches 


fi = 16 cenlins(aheut) amd the. bé Ws af More inanageable brobor 
Lert ee trons ee with water, ¢ s the advewlag ¢ thet, he vaper 
: it PREC firms hee the Weuia a ordinary lembevetion. 
ity [Tn fact the wale baromeley haght b= 34 feeb har 
only a, theoreleral eens Harpe we ie apie leu per - 
abares (42 fe * Feky. } vahey of walty we ulot form | 


abeve- fhe lal awd debvass of ‘By dyes: n 0.36 h 
4,097, ft. j Suck as appawalus is called o 


a r 
* Res, 
. ees aS a3 
rd ae ; io 


ks ‘= - 
1 ASS ah eee ae 


eee 
S = = 
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rae 
3407  =MANOMETERS | | 
‘ — Baromeler and is used not only jor m CASUMING the Vary my 
— Fension of the atmoshhere (from 145 Te JS hs, per 3q.inch) but 
4 ‘alsa That of may body of gas, Thas Figs 462 y the gas in DD 1S 
Behe | pat in communicalicn with the shace above lhe mer- 
cary i" the cistern at hs ; amd we have b = rye, 
where } = — mercury. For delicate measue- 
“ments an allache fhermoemeler % also used as }he 
heaviriess 14 varies slightly with the tembevalure ‘ 
if the verlical distance CD 18 Sinai, the Tension tn 
Bia vs cousideyed The Same bs ees i 
% io ae | F or qas—Ten sions tvealty Than one olvu es brere, 
| ab : \D . the tube may be left open at the lob , forming an OPEN 
— ee  MANOME TER , Fig, 463. In this case, Hie lension 
4 “leet 462 of the gas clove the mereury (x the cistern is 
a are : ; ps Ch+b)y eek 4 ue kon ee Qa) 
E: a B —— weowhich Bis the height. of mercury (shod. 30") 


| 1s 


‘ 
a 
aa 


Er ee OP Adueh the leuston of the atmeshheve above the mer. 
fate.) celume is m erah ea 

as E xzamp ct if hs Sl inches we ave (ft tb. see) 
aed 4 4 

ED. P= [25 N+ 2.5 8]548.7.5.5798, ths. per so.fet 


2 bes Spek = 2.7 deeathor, 

a ihe nother form ef the shen manomeler doy sists af ed 

ay tube , Fig 464. the dlmeosbhere hawng acess ty one braves, the 

Fg. ADD este be xan the other, ale he evens 

iy SR. tH deste the cue. As before we have 

P= (heb) y = hy +A oir d®) 

; where ea = limes, Tensions y nd) as above, 

e ts ae % The emswn of A GAS is Some lames spoken af os 
anensured by 46 many Tuches ef merry, Fer 

wnble, a tension of Q2AoS Ms. ‘per % inch Ct Poy dlwio5, ) is 

mes surect by 4S inches of MeVeUTY 1 A Vacuam mahoneler 

: Sip COMMON bavomeler) Fag. 4.62 . With the oben ATs 


Gere oF we ay 


Be 4os TENSION OF GASES 16 
+ this Tension < My aliwos.) would be indicated hy IStuches of relaal 
mercury Figs UWGE3 awd 464%. An ordinary sl eau gauge 
: yadiaotles lhe ERCESS of Tension Cver one clyresth ere s thus #6 Vhs, 
a of sham sip lyes a Tension of 40+ (447 = S47 dhs. ber Sq. 04. 
405. TENSION OF ILLUMINATING GAS, This is offen sbckew 
as measured by miches of weler ( from f fo 3 inches usualy) 
—— Siietly # shoedd be slated thal Ibs waley height measures The €x- 
2265 of ity lension over ene atm oshh eve (measwred by Ax 34h. 
es GOK te. of walter) That iS Fig rey watey being used inslead 
Pee Amercusy, A= Say Q inches while be 6s inches . 
| Example. Supposing bhe Gas at rest and the ensroir od, 
the gasomeler A 34. 465 sto be “ fwo inches of water yequire 
2a the waley-¢clumn & y (tre chen tube ) RB, | 
the gas wil subbort tn the pibe ok By Fig, 26S. (A 
BRO feet (werheally Jabove the gasomder. | 
Le the Remperalure he freezmg (nearly) NA 
aud The culsice air ot alension of (J 
: ; 4.9 ibs. per 34, inch. he y= A'} a 
7 the heaviness of altos, (unley these 
Be int)ard y, < thal of The gas, aind 166 
. eovistint densily helween A ancl B (whieh +4 neayly tree Ary hy ee, h 
7 Gee figure) ig @ small as get). Let hb ond ‘ be te tensions 
of the ouley air at A and B resbeclwely 3 ts amd ph’ those of the 
as A 
gad. Then frou eq (2) 3 396 ws have , : 
P. Fey the waley al A y= », a hy ei ie 


Bue 


. - 


a. oe oe Ay = p+ hy vee 
4 For air belween A owt B : P= B+ hy, Sas (3) 


% For gas an A > ae A, = B+ hy, Din vaty mite (4) 


q A" os th ¢ chief unknown 5 BY ee ond 2” ave else unknown : 
Be The knows are pb = 147 Ihs.per $q.tn -( $0 that Atty s 405") 


a 


i. V a 607 ibs, per cub, fost (§ 394) Ye | (say) = 3,03 60 bbs. per 


Ae 


Fe as TENSION 
a nie fed che ¥ forwaley = 62. S lbs per cub. fe, (Use ince Tb. sac 586) 
= Fron (5 vehave Je = 
eee a +h = HOG +2 = “IO mehes 

¥ 


405 —~ pagxiz XZET 


| az Apobelfs acke pon 


ear ES ae ‘ : : 
s aa = H0~ 10X38 Xe : 2.5 oy call fucks ; 
:. 3 Bese from (2) eure. <- 2.96 say 5 inches 


i aa aley than i ak fe i reds 
a 16 madeam the ppe at 43 The -qaus will flowoul with qreake 
2 yeleciliy Than ab A ; ; fee oh Fe Rte rah 
* fee cm aut). 
— 406, SAFETY VALVES. Fig. #56. Received the proper 
ee 
a af the hertrontal lever AB. 4 lenin af 
ig , thal. the fled, die pice E ‘shadl 


STD ont be forted upward by the cleans. 
i preseoe, Py the laller-reaches 
a 66 | oalue = B. Let he weight of the 


= 3 GS, ods condve of qrodty being of Sid y xiesloncd x C fren 
5 oe ole hewri2torlal. diclances are marked peek figure. 

= 4 Supbose The ealve on She ‘pend. ef + reeyy e The forces eer 
-- mg © on the bever ase the falerum yeaclion: aR the weights 
eel &, , amd The les f kuid-bressucres on The Aiee yiz-i FR 
meshhew:} JSewnwayd and Fb (steam) «ward, Hace, fem 


Renews = e, Ga+Ger Fp “se ede aes 
Sowing, Gx EF O- ~R)- Ge pete aa bd ey 
Be Eaample . With a= 2 meles ,a= 2 fect , ex} fest; a 


\ 


5466 SAFETY VALVE, PIPES. te 
ee t= SIX aJnresh| heres. sand diam, of dise a t incl, 
Gat ay (6XtRTK MHF - VAT KID) — Fy = 5$.18 ibe 


Cece the canceling af Tee [4 - {or 28 — -p}48 Ths. whether 
| The inch ov {eat is usedm both facterd) flees wher: he shox. 
Oca rte be_ eaimotpherct alrospheres (= 2 tbs. per S30, 

comesponaing fo 73.5 by sheare-gauge Shp wale will ofen of 
Ger 35.75 tbs 
SET, PROPER THICKNE S§ of THIN (CLOW CYLINDERS 
(ise Pibes amt tubes) fo resect BURSTING BY FLUID PRESSURE. 
| — Case L. ee 
ee the ond 4 a aac oe 

PiN\\ ; 7 : farmers fluid ah. a lease 
arp of BB. Le v= -tntewred 
ge of the tebe ar Prive , 
The. considenag fhe tab 


abd) 
* 


+ | 
arta | . Me 
ef parallel a oe TA Figed) i Talernad, fluda = =arh 
z E vleral fisad. bress. = ay oe while the belay besde stress. 2a 

A the Sreail ee whase arect Row exposed | iS Qart neagly ). iS 

— Regret P, ; t berg fae thickness of the n of. bie end fe the 
De: fensile stress ee ‘hy the. luid PresSurc Hence 


aS aoe 

a —arp —Rartp = Q <Ea0 ee EDs mes 
oh oe Shesses in longiluduned seclion of pipe, due i 
-wadial flusd pressuares. Fig. 465. Consider free the, hhalf Gow! 
Sack) of any length é of the Live belween two cross seclions. Take 
et cic TX. as ih the figure, Let P= Tensile stress ( ber unib aver} 


‘ Produced in the shaght edees ( (narrow ~-xtdenegles) expesed «] Aer B 
= in the rae edges , havirig ro i ae. are ad 


Shetacd) 6. be lot warved surface the fluid pressure 
ae as a considered of equol intewsdiys p 


a WZ * ~ : ali points C practically fue eyex 
aes uA fe ay rt) aa ne) higuids, Ng By smell o 
of ut ‘ - “Pared wath. fhe = of wale 

| =< GtR) eee s , fa | ects 

; Tone te ee & or tlewrexlary 
a . Sy : SS Bt : oy z acureed Storface = 
- aw SBE oF. CTS a en lee (see 

. =) 4 | = apie is oblaimed by raul Eplymg 4 
é ae ve Sey J GF on the verhcal 


- olf a oF s ‘dh the curved su: ‘eit ey ia lhe — 
onects the infemnal reultabled Re 
ean meee ae rlp ; - at eis he 

enls of fhe: exiermnal ee pressares cad LQrth (near Ly) 
The Tere dhyesses © eS XX ) are equal bs Auth = hence ae 
guild £ X= 0 qwes | 7th -: ) 
“QUP- - 2rlp +-27lp.=0 hs a 


This feral fae ae hcp terrsion. Sfe> iis 
Big he dele thee Seale Seccs B 
ated Ae Gn the onnedgr oss Sette 
a a T. Hence 9, ) ond-nk 29.1) should be used [, 
4 dchermene aasofe value for the fruskness. rmctady % ar any ell, - 
ee one unleown quawtily ecoslieslaen Tee equolher , 
a for Sajely « een a oat we must bul J =i. a sdie 
Exsile ae Per unit aren 2 The rraleral of the ad SEE 
(Se 19S and Zod ) Sui a 
Ge § oe ee TO a, 


«Example. A vibe o twenty ‘mches “og 
 trlernal diameler is & conden waler went er ahead of 340 fect ; 

a “required Fae Proper thidtness, Af of east. iron. 

340 oe af waler measures 10 soi ne sethat the = 


a a a 
: A oe 


era) 


1 « 


. 
Mi ‘ 
i ee Se eee me pete. 
a i r - 
‘ : ie 
: : ; ~~ oe G 
‘ 3 . \ eer a 
re \ . : 

: ae >? 2 ; 


- bios _Tucewessor pees__20. 
Yernal flit bressuve is 1 alemospheres 5 ead the external pressure. 

ae b_ beg Ene aigmees. we must wrile (Qnech- i sec.) 

aa, bb, = WXVAT = 17 0 a pew Sey. whe, ana T= TO rach tS 

os Bg Red} << mey pot T= + L of Goo = ¥SoO Ths, ber <1, 


ee ge. OAT. 2g, Pe aches. But Te twsuere safe 
45 OO 

i ue haondling pes end ImpersRousness te the _woler exgrealey 
Sa Baten + ; adopled 1 un ae oo — 
lan 4 se won ‘ =f pane 0, 12] a 
: ot a 0.004 76 rA + 0.34 now 
se -ebber 42 6,002%prA4 016 & “ 
s "lead he OLoloK tA +0.21 aS 
ae _»..* sme 4£= 0g. CO4¢4+A+ 016 " 
4 had, t= thidines in wnches | T= redius im fches, and A 
e = ances of ner er talermel la resare is. b~f, 
* in almnospheres. ¢ be , 
ee fe jke examnable “wast given, we would have Coad + ryowe J 

_ b= 04. XIOXW+ 6.34 = 06.615 meches. 
hs { the pipe iS subject do" walzy -ram™ (§ 04.) the Sirenglh 

i: a be mach grealer 
Ser a THIN HolLLow SPHERE eq. Gt eas geod - 

& er thick hollow cylinders See Rankine’s Alpled Nechar- 
Be eS Pp. 2IG , cmd Colfen's Apbhed Mechonzes i 463. 
x 467, COLLAPSING GF TUBES unde FLU fh PRESSURE. 
| BCS cadsieal bealey {hues,, for example.) Ap he x | axceeds the 
s _ trlernal fluid bressure aud the Thickwess of medal & Small com 
pared with See daoeacter- the slightecsh deformaleon of The Gcbe sr 
a b bbe gives. fhe exdernol greolex eapabatilay te preduce a furiner 
— daauat form and heuce bossibly.a-fmal_ecliabse 4 just-as sartil 
Be tong cclumns (8 303) a slight bending To the levwsmal forces 
oS —— the Sean of 3 ee is eee: | Aceordtmg be 


Te ee eee ee ae ae at, yw , “ 
A a gee Os ee ry ' Slee ie We: ia ae GT) So) a ee 
ry - ‘ a ae ie ee Da Me) Be < ‘ i Sle 


. e a 
- 
- 
: < 
° 
e : = 
. t ‘ 
* * 
. 


COLLAPSE OF TUBES © <3 
Sie Wen, Farrbairn's experiment! s G55) a thm wroudtsl 
tren cylindrical (encular) fube will net cellapse unl! the &x 
a CESS of external ovev vaternal bressure tS 


— pltbs.perspn)= 7672000 + «Cr n(oat-homeg) 


Pkt Land a all in same hear unit) ,in whieh t= thickness 
os 3 “Yhe wail ef the tube , @ its diameter and L iks lenslh ; the - 
 @ruls hemg understsod fp be so sbborled as i breclude 2. lead 
tollabse . ' ant _ 
| Example. With 1 = 10" = 20" d= 4 awd t = 


ee 7 672000|j35 + wox#)|= 2015 rer 
ri - 34,in, 
Fox sa{ tay , %. of This wz, Ao ibs. per Sa, inch, should net be 
excacded g eH. with 14.7 bs infernal , and $4.7 tbs, external. 
| sy Chap, ae Hydrostatic a corlinued 4 
4 Pressure of Liquids in Tanks and Resexvows : 
FIG, Bovy oF Liavid IN MOTION, BUT IN RELATIVE 
‘ RQuiMIBRIUN. By relahve equaihrium ib fs meant Thal fhe 
‘bavleecles are nol, changing they relalwe pesihons j.e., are nol mwa 
= ng PN STAG each olher . On account of Tass relahwwe equilibrium 
the {allowing problems aire placed in the present chabler, mslede 
y af unde Ihe teas of Hydrodynamics where they shi clly ‘be- 
long, As relabie ecuiliir'sni ds an essential propaly  riq- 
a id bodies we WARY aes! *) Ihe equations of molion of rigid bade 
ie to hedies of quis in relalve equilibrium. 
| Case L. All the partiles moving in parallel rig ht 
dines cwilh egual veloc thes: al any given mstant; (it. a 
motion ef TRANSLATION), If the common velocili, tS constant 
‘ we have a munis Ort franslahorz “al the forces ag Ing oy Gmyche 
oaxtisle are balouced as if il were pobaewne tall (accord. | 


tag de | Newton's Laws, § 54) » hence the relahous of tm 


$40 ~~ RELATWE EQuin. OF LIQUIDS RQ 


— terna) pressure, ree surface, de.jare he same as if the higuid 
were at rest e ee us, Fig 4.69, if the Niguid (in lhe mou ing lank 
| | “+ ss af yest relatively to the lank ol, a given im - 
slant with zs free surface horizontal ond 
: a = fhe metion of the tank be one of franslelion 
THOT with x oh es the Niquid will re- 
‘ maw in this condiben of relahue resl as 
Fig. 469 the mohon preceed S$. 
Bub vf the velocilly of the Yamle vs acceleraled with a con— 
: stan? acceleration <= Po Cthis sym bo) must nat be confused 
with p for pressure), the free Surface will begin fe oscillate 
and finally come lo relalive equilibrium a some angie %. 
2 wilk the horizontal jwhackh is thus found, when the moliow is lier. 
izental., Fea, ‘70, in whick the posilioie of x is equaily opphiea- 
Be whether ee melicn 18 unif, aceel. from Vef{t fe rig hb oF iAni- 
| i formly relarded from right te left. Let O be the lowest hate 
a es a > B ; of the free sur{ace , and Ob asmall beer 
5 BENS of the Vquid wilh its axis hovizonlal aus 
of length = xX 4 nb is a vertical prism 
=) “KX of length = Z, amd extending from the 
| extrem ili of Ob h the free surface, 
The pressure ot bolh OC audnu t% 
= alimes. press, Let Cross seclion ef bel 
. ; Fig. +470 prisms bec QF 
Now since Ob is bem auelevaled wy direction Chaise) 


PbEhs ats 


mast ce ils mass X accel, ($s 107 ) . 
AF 2 Fa [xaFy 2g |p s-++ ++) 


(p= heaviness ef Uigquid , P, = press, ot Bb); and since the ver- 
 lieal frism nb has no vertical acceleralion , the SI vert. 

 combens, fey it 
mast =o °* 


| 

; 

| the difference belween the forces on 11k Two ends iets 2X 
f: 


5 , ee a = d.... (2) 


Tine Pee oho. WEY Ee yerheal | er the. oe Te Usa 
srard | aS 4 the vessel has a locally acceleraled- upward 
a welion ay i rey relarded down ward molion } jhe free Saal 
i face would « | he are the pressure et a debath : = f2 
‘ “thelow the surface insiead of [ P= 2 p+ + hp welda-the as fol- 
Bass s > Considenn free asmal yerbcal prism of haght =A 
; wilh ubpey i bese in the free. surxlate , and Putiwrg > 

Bs; ; sompows) = HASS Ke aecelevalish, ae have a+ 
ar “p—dk p ~ “haFy = sill es a a pot hy faz 2 Ls 


e the ea dion 1¢ ‘eee (nat the velocity necessarili iy) 
a make % * ort ane aS ae Y the yessel falls freely , b = 
} es a Se =p, an od) parls « of the ligucd 
Bee < uery, ae Se pose F downtuard and q 

- ase Ir Uniform Jared abgui averleen} ax- 
o - . if fhe narrow vesse) in Fig, her , dpe ot lop avd Eon lame 
me zh mq aliquid , he bth lal mg ab oe | 
a os. U7 eae nie av eine velocly we te 
3 a — ya | 0) ae avevlical cxis 4, 
ae the Nauid af fey some oscillations 
; will come i relalwe equilibria 
ics (rolaling aboul, Zs > 28 if v1 id). 

~A Required the forrn of the free sur- 
eae face (evidently & surface a revcliulieig) 
i at. each point of whick ps p. 
ft o 4 fre eae of the axis Z wih The surface ae 
any Point i in the suyiace 5 b- being Q. point ey asad ee 
ee ie sone ovizont plane as i. sees oil hep the 


Goer, : 


—. § 4lo UNIFORM ROTATION a4 

aa desevbing @ horizontal circle about Z and has +s no verk- 

cal aeceleyalion. Henee for this prism free, we have ZZ =O, i-c. 
afp — dF bp — zdFy = ex nal) 

bs Now the herronlal right brism Ob (eail the direction 0,.b > x) 

a is relating aaiformly about averlical axis thre? ome exlremi ily as 

Be: if it were arigid hedy , Hence the forces acl EEN OAS 

— quivalent b a singe horizon Pal fre var oak 5 ($1224) 

; > pots in Avvechon with a = peaesg co of prisin is its 

’ welaht + = 3 5 and p = epee of | oe ef grauly rom O; 

Z. here p= ce ¥ = S$ lenghh of priew|, Nence the xX of the 

at forees aelin On oar prism OL A xd Fri 

Po «But. the forees acting on the lwo ends of thes Ser Sx 

q pritns ave thee ewn X- combons., while the lateral 

: om and the weighls of its parheles hae eK compons. 


4 Re ae =(—w *xaFy) + Ryo a HD 
a ae (3) and 'Q) we ace ee ee a x) G3) 
Ss Pe 


—— Nenee ony verlical seclion of the Mes | 

— stixface thre’ the axis of yolation Z, {6 a pavapele., with ils axis 

_ verhegl and vertex at O; i.¢.,fhe free suv{ace f a berabsloid_ of rev 
7 Shition | with z as ifs AKLS , Sutee salts 1S the jeer velocity Vw ra 
rf the kc oul Din ils cireulay ‘path , Z= height due te veloeiliy’y Fs 
xample. If the vessel in Fig, LT modes |60 revel, ‘per rats ~ 
cite required. fhe ordinale ya at & herironlal distarge of X= 


Br * mches from the AUS, (F te Seé. system) \ eae 


Some us = [Qn 100 + 60 |} gadrans per sec, RA 
radians= fre angular space of which 3,14159726,,, make, 
ie rA.or angle of 180 o8 With x= 1 ft, amd qe 32.2 


= wx V0 = Qh hacks 
2s fee (i Ly (Sk = 0.189 ft. = 25 | 
i aes oil 3b ie bene ‘3 (ibe use inchThzsee,) 


3 S68 UAT + 2y KT e aes Seti 


6 Oe Gere) Cee ee 
et ee Sanh 


Me Bortom PRESSURE eS 
®, fenat ug the vessel 3s quile full and dosed on ae set 
at O7 where it communicales by a da- 

4 -y pe with a vesevveir » Fig. G12, ihe Mana me 
a Blass Can nab be ane but the & 
Pp rESSAVE al any point s iw the waler iS jest 
} 1c Same when rdaficn gaes on as if x 


‘i 


ei ee Surface were form td th vey tg ot, © 
3 B= B+ Ch ae (FY eee 


See e figure for hy and z. {te subse - ~~ 
eut &§ of this chapler , the - Ve. | 
juotd will be at rest | 472 


ATL PRESSURE ON BOTTOM. . - 
the beflom of the } 1S plane and ee te inteusily des 
e upon it is the same at all peinls ems P= =p +4 dy : 
Viale’ iets O hae or TS Ne a 
eS and 4TH, and the pressures 
on the aléchevds of the sofare 
form a s&h of parallel (erlidal’ 
B forces, This.ts fue ever of 
STITT | the sicle d the vessel ever- 
"a y 473 ce pe hang $, Fig tt, the vesult- 
ari it fluid pressure en the Sbdltovn ve bolh ae , Verney 7 
iz Fp- FR, = = Fhy ea 4m eee oe 
a cs. 1$ supposed ‘te wel under the bette ) Ris { urfher 
wv Raent Thal of the bellow is a rigid tags Wepre tak nd has 
ne subportrat its edge, it may be supported ob q single Pent 
EL Pig, 475, ae iw Bis case ponizes ak Wate is is fey ~ 
Vat. | 2 ‘ed gvam! This pomt i eatled tie CEN- 
Jt TER oF RESSU RE, or a poml ef apbli- 
‘ins cahion of he resultant of oll the fluid beess- 
ares oclmeg on the ‘plate . The bresent Case 
CO" is such thal These pressures yeduee Toa smm-_ 


Coe ay 


, a 


we sve sho «nd we om 
% 
. 


x 


ag Fr Mes 


or 


S4| _ CENTRE OF PRESSURE, 86 
ecultout , bial tS 18 nol alway § bracheable. ° } 
Example. In Rg. 474, , Ceyt mdricad yesse) lear scheme 


P Beer As 26 ft.,h, = 1S. ft. Y= 4A ft, % = 4 ft. yequired 
i Sp an tho belfom , the vertical ase dn the eylmdr- 


Res Siler - = Fhy= wT, ‘hy = IG AGN SS: = 62587, 
hs.; while the sb} = =(tr a Shy oe eimats 


“ward al on CA 32.500 Ibs, 
eat the verieal wall 3 a : tach Pascale 


“Ss Ths Tensias; wall be ONS by a a eae séclion, | 
“ef avea = <= Any t (nearly) = 2 + 1S AY FSO NT sq .tmehes, 
: Wg (32500 ar 36. 7s about. loog Yes. ers, wel tensile ) 
2 gl " The 4 oop lens jor? we Ce {$ heveaonlal 


a ack je % (h-b b+ t, (see § 4oe ) where f pe php 


2 


ee 


= Ha. CENTRE GFE PRESS IRE, ih idietuas Gayle tk 
t a chapler , SsKce Nhe Ai rnosbriere has acces yh n le lhe tree. 
ee of Wate omd tb fhe oulside of the vessetwalls and A, 
would Be ecl oul, im finding fhe resullant Bad We ssune many 
Aemmertory wren SF of these walle, we shail wri 

a ae The residlant fiuia } [rr eS MATE on Lamy ¢ af of the vessel wall 
Be jormeal is ds seJace adis dP =-j bdF = 2} yar, rawhich 
% 16 the verheal dislance of the dement below the ¢ free surface of ths 
aid(ie we jhe head of waler 4 ee | Tf the SUT {aH oa 


‘plare , These dlemenlary pressures Sia poring powaitel {er- 


ake wall aqual they Sum,and whese boint st appl; rtalion % calle) 
CENTRE OF PRESSURE , may be located by the equa- 
05 of Q QR pub inls caleutus form . 


ec) watt CA, and the hoop fons (§ 405) a Cit tb, sec.) 


8 KIS X12X 5 $1735) 312. Win ee ; 


and ae | be veblaced by & smagle result (4f the blake is vga) : 


CENTRE OF PRESSURE © 7 


The suyface ig curved the demenlary pressures form & s¥8- 
maf ferees fre SHALE , Ane hence ey 38 ) cannot in general } ae 
i fe 7 singiz resailant 3 atte oe fhe port of applies: 
Bd one a winch is atbirary (vs 2. fhe corgsiagek engin , 3 28) 
Of course the chee ot ee placing ca $el t of fied aoe bya 
ff fe residltard | Ss fev C¢eray er ance as exurrederG Kye « Szpass iteriurm 
_ - tabiliy eo ip 3 pedyy Ne fore adling Gr whick include 
58 {tuid de = eer AS i) ther e eel i set £435 farts AG the rege 
bedy, the 4 + tusd ae 3HAS at be fowsiders a 3 233 then r Irae fe by 
a fons 3 See : exam ple th * 5 264) 

x 443, RESUATAN { LIQUID PRE SSURE ah Senae raps 
fate forming | tart of a vessel wall. Co- ordizates of the 
NTER OF PRESSURE. Fig 476. Le AB be a borlion 
f WATER SPE AG many shape) ata a plane surface af 
eS ee ~—_ Aba xaglk, susfauning 7 quact pres: 3 
ae, ae 

a, Beste es soy eee Te. Prdmig the blane f AR tii 
. i ee oe it ulersees ‘the free suriace of the 
Nquid. Take This imleysecliens at ae 
a ae 9 bein ye ae ow, : a 


38 axid : ee Y , fies te the 


ae 


given plane. a x ang! le balween 


N <¢ the plane and the bres gx Oe Thar x 
oe Sows A cara the fo- ovdinmales a emey clans ens! ayy 
oF af the. surface , Pa a fe Kaud Y, a the © head ef 
‘2 jbelow the free Seas ot any oF, The ; prrssurts are il. 
@ Bl Pressure on any dF, = Fp dF the 
ee fe teeter “f= Sey. a Ray... W 
os Ze the” areay z° ines the & of the ceuhe of Gran 
of the 7 blane figure AB. aud Fz ‘lelal avea of AB. 
Sear from &q- 4) g “58 f= Weewmess @f lequid. 
$Y Liss, fhe blzi ligucel Pressure GR GL plane foure a8 
dl = the weight of ar unaginary Prise: of te léguécl 
‘s o = = area we the aes pert and a allelede 


$413  CENEER OF PRESSURE ~ 26 
= élaplh (veyical) of lhe centre o] gra vily of the frgure de 
dow the surface of the ligucd. For example if the fugue is 
a vedlangde with one hase Gength * by tn The Surface aredl ly- 
tng ae a verlical ‘plane, P= bh 3h ip = a bh*y fand 
* the altitude be inereased Pi varies as ifs Oguare. 

eS From ft) it 46 evident Tred. the total presseand does nal det ~ 
Pend onthe quantity of waler iy the réservely 
“S Now Yet xX and ae, denele the co-ovclmales in plane 
YOK, of he conte of pressure ,C, or port of applicalins 


of the vesullanl pressure “EL; Then Takikg themenls about Oo 
“we have x= { GyaF)x antl aa raF jy eae (2) 
~ hee : Sines A ‘ f. - : 


‘ 


bg, 


— Bat P= Fp = F ¥ Gh «)y ,and the = danydF = % Sing 
Hence eqs. (a) became Caf ley comeeling fhe Conslanl é, Ff sina) 
— SeaF I, ond | = Sxyah ots MOGI eae (3) 
eee ~~ Fx CUCU | 
| hic iy the’ mom, ef herb" @ the plane {igure reler- 
} bY Gee & 6S) [N. 8. The Cenlye of pressure as 
founda ig identieal wilh, the cenlre ff oscillahen (§ 1879 2 
the tenlve of Pereussion [$ 3] af a Thin homo eneuus ve 
nvefered Yo aves X and YY beme the ans of suspension) 
idewlly ,if the plane figure is verhéal dw fot, nu 2, 
B= Z,ANbso posilion of CofPr. in the {igure ts Independ.of ©. 
NOTE. Since the pressures on the equal dF > Wyong tien 
jaontal elnip ef he plane fegure form a set qf equal 

$ egually Spaced alowg the Shp, awd are v4 quivaL~ 
b to thar sum obblied th the middle of The slp Bt fel- 
3 That for vetTaugles and Fiangles with hovizenlaal S¢5, 
nls at pressure mut Vie onthe slrasght, or whieh fie rida 
ef all hetrwal slvbs ave situated. , 


sa arrests Bi OE TS TE tS i or pence ees eine 
= oe “ 
teat ah aaa He — 2 : 


= aF °s af ene hevizenlal stvi)> hawe The same X% we may 
wrlore oy lake the area af the slrib fev dF in the summe- 


E he 2h r hey, JSx'dF . - fav the redlangle A8, Te 
4 ‘Ay : 9 477,, we have jrom e¢, (3) 6433. with 

A 3 a. ~ @F = tex S& ‘ : é 
eed. aa | Bf ee ee 

7 == A ab, ‘i meee | 
>» bh not athe 3 h*-},* 


while (see NOTE § 4:3 Pia Ae 
¢ ASG 


7 fen te-opper base lies tra the Seay - . i 
‘iq “i he dyoud X, =. & hi, eed 4 of fhe edtilude. 


4 Ker a TROANGKE with yhs base hovizonla] and veriex ub . 
q he 47S, the leughh, th of a horizontal Trip ig variable and 


“es 


Surface _. {ram Similar gn “k= a (x- h) 


4 dF = Udy 

a oe 3 = aR 

eae ae hata, oa ee 
Fr 


Sin Bw... 


a 4 oe 
% a ~. A= po ye 
Fy 475 Bat fx" (x ya C : ) 
4 (Shtrhh hh: Oe ee nh, +ahh+h') 


| = a 
Als, “Sine the Gof! She a th ha +h! 2) 


eS ets : ys =e s *. 
0) a t i é : i 
» must lis on th j c 2 Qh, ms 


Une AB from the 
verdes fa the Aaddie of hase Gee NOTE § bi13) weeasily de-- 
Termine “is posilion. ae a 
ee for a friangle with base eet a Bae 
hovicontel ‘anid verlex down, Fig. :; 
he we find ae ae ere 


« 
Z 


See OF PRESSURE  .—s_3D 


Sat Phihes ha’, Tae ae (3) 


oe a7) ah, +A, {if he ee het 
fi CENTER OF PRESSURE OF CIRGLE. Fig 


. 
+? 
wares 


ra 
= radeus, ii ite on the. verii¢a) Avame}ler AB. 


Fram eg, iy § 4id we have 
027 ¢% 
hea A eres poe I, pe Pie dear ty tr x 
¢ cet ae : = a 
| * Fx |G cei, 4 
j Be ; 
et oe a 
Ana § Z S Sop : ef ¥ tas 7 


a 
3 Examples. HK will be nolreed that although te 
ressuvé on the plane figure ee Ze Hs value upen The 


ne =F ef The cenive of avawily ; it Dean U ef obblicalion 6 al. 
"lower than - a. rt Gras nf. 


a7 lg ie L€ et ‘al a a ay elusece gale x, ft wide, Fie. 
4S) AS ‘less the waleys Surface | tre Yelal WIS alee 
‘pressure against 3 6 35 ({t. Te: sée., eo ()§ 4475) 


= Fey = 6X3XK ORS = As ths, 


and (Ss for as the pressures an The vertical besis 


alent Te re.| sig le horizon! al ie. af thal waluE 
| applied al o distance. %,* 2JG= = & fe 
aS Be the eine § 44)" a | 
4A - Exam ole a To C begin te) left the gale i in Fa, . 
“the qale ‘self weighing 200 ibs. , and lhe €é- eflicient of fre- 
ee the gale and ‘posts being fe 0,40 (abslacl numb} 
§ Se) we mast evaploy an hee verfical force at least 


b.sec) = P= 200+ 0.40 KX 1128. = 4700 Ibs. 


<ample s. Required the herzonlal ee i Ag, 452 . 
e Ube at No with pe ot. eo 30% mR, ghout 


g on whick The « qale slides are. cone evned ) zs Re 
; 
oS 


Pe ed ee — —— nny met et eee - —— --- . > — _— =< — ———— . —— - a 


jj 
q 
4 


x" " PLES. CENT. OF PRESS, | 3) 
> PO Ihe qudlerum mM ,neeessavy te i (begin ta) 
ft The aeeboy: aise AB of vadius 

ey 1d va Le _ covering Re apne of @~ 
qual $128, NMAB * Sang t¢ rigid 
lever, weighira G’ = “ug. Is. Ave 
cenlee, ay gravily Garber “ a wert? 
cal dislance = = G= £46 faches 
from the ae js oe — $ (vik- 
J ct. Fin ey of O A =-K= " eanadh MEG 
“ pe 20.) from KIS OY 5 he ars So. 
Te teyl. ef Sele of whole lever $3 Ans srizonlag 
=x RM = 12 mehkes from Mm, ae a6 uperdiing 
x we mt ee > fer eqgusl a} ever , 
= G34 PO, ie UO) 
: a more Press. on Ad oe disk, and X_ =< OC, 
a From. al | 2 & 2). | as 69. ¢ == 
: Fay = ar A f= = 1 tooo = ee 


| tm, 


om 5 is. x Ce ar on ae me $0 <@ 4122 = 50.9 
J ‘ Sie ' ; ; SO : Ibs 


a ic ae l=; bs ab ox 10+ 454, Y 0s le844 
T. 


ay 
OF nese GATE. Fig. 483, Subhos 
wig the rigid double gale rae 6 ft. iv tet 


na 


as ai. vidth to have four hinges, we ale, Gite 
: i we. ab J geen frow Tob Aud hettone 8 aes 


channe vequired the pressures upow Them, 


— Fakeng | een from the aaiia sie) 
| if Well. bres, =’ ae 12X44 Koa. = 20298. 
st ‘pounds, aud We ph. apple, Cons ral bres) 
ig o dys) mace Pee , 2 oF 9 = jrom QO 


: Be : 
“os he. 4 HY ) Chive tag ~ the ey gale free 
4 ies mrorments mo? ual €.. Sa ee shalt have 


ee S417 WATER PRESS, AGAINST WALLS 32 
7 yess, al 7 )X7= == 20250. oe te press.a f = 14464. lbs 
pe naifce ltd iiese al fj} oa half of whick 
ce) ie press. at == E- press. fat: S575. dks, Comes en exscl Hoge 
aa a Hf. STABILITY OF A VERTICAL RECTANG UM AR 
a WAL. against eae PRESSURE Ow ONE SIDE, Fig. 4 
. ee the wall to be & single mad 
dleck ts weight G~ 4p es 
aoe being its Le am $7, and 
i sls 1 Tewath’). Given the wales Aebih 
= th required lhe er widlk 
b= as eae oust havé 
t First. the yesultant of G’ oud Whe 
a. | . woley press, must fo within the 
‘Sb Mince BY i chick Gents ts ine game thi: , the rmonent of 
1G! abo’! D, the ouley Zee ff the wall, mast be numer: o ; 
| 4 , qealey Ss that of be onad © Secondl re a be lest 
2 Thaw. the sliding fchon ood (see § 136) on the base BD. 
2 at oat Bre RAK, press. per van it of area on the base mush 
s | ee exceed 4 sale value S seuluaties ey 
Kew Pe F2y = nl p= oe Laty, Cy= for water) 
: “awd pe ft. Hence ies bay ce fbpsng about -D, 
Ph on oA Py re i.e, ry -}3 y <t £4 Jaye ly sas a 
pees. as ts shidwsg By. es base, ) 
Pes be < Gq Stinks Lately ae {hh ip’ ans (ay 
pit? DITTO; , MORE DETALED SOMUTION. Xf 2« 
r 7 1 (1) were om éxacl equal inslead ef an ra 
ire equality the vesullant R of P ana Go 
bh would pars Threugh The Cornéy ae) jhe 
wad would be imbendine and the bress- 
yn Pd pev uml Kes ot 15 worulol. he 
. tefinite . To aveid this we wisk Ihe ‘ 
wR wall te be wide enough Hat the ve- 


ayer 


Coe 2 emt < x”: 


STABWITY OF — } ia 9 


ANE per ‘eons area. , iy ; i 3 ae havé seh mite 

: value Che: mg the max. press) This May - be done by lhe 
bles $3 346 and 362. 

& ars, ‘assume aye R euls BU onnide-at of the middle 

a. Ee. thot WE = nb" is Ze b or ny yee Then the 
eee Oh small equal elements sf the base BD (tee 
#6 )vary as the ovclinales of a triengle MND, and ED 
Ls = MD : ,e MD=323 Cr ~ 7 b’ The mean 

: Ue unit area, on a = an iL ae 


ng 
were y it Pee and i 6 — e- 
oe (3 ate ~)] i" 
& _ “Gee. §e 201 and £03) agefe value jer lhe crashing 
eS skunce 5 per vent pce ae maleral | we shall have 


Uns SG=220)) . ye To FeO 
ming 72,0 find b', we pul the Soon) of the Gand 


a Saag Ev = 2EYO et Ee op ee —Poh x O 

oe ‘Nene, ee 

me obtained Ete ;we ee alsa aseerTawi if es n<f@ 
3 win, Reif Bis < f dh’ ip’. Shea ust 


hit Bethe. TWerea sea. 


‘ ‘Je G) should Prove To be ae soe fit es 


Secondly, n being Ct = 88 346 and 362) 
ye Mave A Trapezord of pres sue msleael of atrrangle, on BD a 
the press. per ral Area Ps ‘D ie Pn the wiAX, on "becsé) 
ws “ se BD beineg Mow = og EL 


362) Pa | En+i)hy co hip! 


radon s, 
howe Gs 


a sdfely we es 
G n+i) Ay | 
oma then use 09.(2) for o 
Example. in “fa. #84, lel hi'= 12 ft., he 10 flwhi'e 
the masonry weighs (r' =) {$0 bs. per eub, ft. ae! 
Ct desiyable to brixg ne grealer com pressive Sress than 100 
q Ths, per 89, inch(= 14400 1bs. per 59, ft.) on the cement ef the 
— jetats we put C'= +00 | aud mse The tt. VW. Sec. ieee 
Try : ees 12180 See s 
Ts n= 2 ria goo.” Yn a ae as & 


“24 PPO @ ic. 
OF we reeng ne 1oX | 62-5 X 


a 
<a 


(as 2 
hgeltshls SOE Pe & breber 
aX 12 M1 SO fe 
. * ; we ae Me Vs , ise. make “Rg cut the base at the ouler 
— ag of middle third C § 3 ee we would have 


oe oy eS = 10X 62.5 FO aa <i ft wh iets fer 20 smal 

o ne WF KiIZKWO awa j 1% be efevanble 
zx i2X\ 

3,7 eC of the 


one COSe. onan lorings R a litle Too near Yhe Corner “DD. 
As vegowrd 5 frchonal stabi lity we find that with f = 0.36 
2 Ee ie value, oud B= 3,7 ft We fred The Cf 1b. ~ 
% = 100 X 62,8" 
oie “Tha ly XOaKSINIZX ISO. “Z : 
ae is a unity ene the frichion te be insuf{icfent ee 
., shidmg Conith f= 0. 30); ite! Adin = 57 ft 
e me efet This rahe Ip! oe, 0. 12 strdicaling fricleonal sigbity, 
3 Economy of malerred 1S favored by iS-. 
ing @ trapezoidal profile Pegs “EEG, 
With the fori the stability may he taveste- 
galed. j ILO corvespondin manner, ie ‘bor- 
Vib On tion of wall above each Aoriz, bea V. 
Leg should be examined ean The ae 


= 


3 pri ig: 
| “¥ "ads thyo’ the centre of seed of whole mass. s [See § 26) 
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Boo. HIGH MASONRY DAMS, Although the principle of 
. biAc/r ge the arch may be utihzed {or veriical, Sione 
| Aykes of small height (20 or 30 feet) 
for greater heights the formula for hee) 
derision ss LOe 5 Cor vafher here, hoop 
compression, on the verhcal "ralliod jorals 
a ot the ee sealal och Re Fig. 44 87 ) 
=i 1. = wes Suck large values ih the oe Couys« 
te 83, And wotlel thereby call for $o great a radial See Js jor 
| a a these qourses , thal. slraight dykes ore Usual Gat wh - 
stead, ayen Rchice firm rock cbulmenls yr @ ey laterally. 
ee For example, at a depth of 100 — where the ina ie 
oe pee ‘s ce. 100 X 62.5 = @2So, tbs, per $9. rt _ 
if the | e have (radial jhorizonlal ) thickness =f 
: aie & Pam. aes of bas yates s eetieme OES feel , we Skal] 
; fd a compression belween ‘Ther vert yradvad faces of (ft. ih.sec: 


pra TOPM) _ 100 X6250 _ p56 250 ths ber sq.ft. 


a if 
er 1965S tbs. ber 84, inch , for a qreal for safely | even if 
there were ne danger of collapse , the dyke betng short . 
Also, if The courses were 4 feel Thick at all ether debths, the 
Prcssuxe om fhe honzenlal faces would be (Seppos img Pile ‘for | 
} the ghoue = (SO Yhs. ber cub foot ') looX1S0 = |$ocee 
a les 3 per $e, ft. = 104 lbs. per Sq Me, which might be more 
= hour desirable . 
a Pq. HES shows the profile of a Traig ht high masonry 
darn as designed at the present ae 60 To 160 feelhig ) 
es Assuming a math x = from 6 Ve 1g feet ot the Tob , and @& 
a seffrecent AS Ge ts gure ) To exceed the max, height af waves, 
the ub 3 glream oulline ACM is made neoaly veriical us aL 
perhaps Some what concave | while The down. stream. profile 


 BDN, by fc ompuledion oT graphical Trea 16 3o formed trad. 
‘ aes | the reservoir v9 full the pe >of the weight: qf 


ey a ee ee, ee ee ee ee 


“DAMS | eee 
\e the beriion ABCD of masenvy oir ¢ each: 
Fig, hotaontal hed 7% CD, and the hydvodbads< 


ABE, pressure Be an the seqeaneiine ub - shears 
face Ac, shall cul lhe hed CD wm Such @ 
Sats port E” as not fe cause? foo Great cove brest- 
ae D <a 
Tye E\R ton at the oules edge 2 (nel oyer 5S Ths. 
4 . * / a i. 69.mch according be M. Kranly 
, SE : CEE * Reservoir Prarie * ") thas berms 


pled aS th ne SS Nor wher the FES EXLcIY 28 Seiki 
the wales bres. lacking : SOE the weight G resling cn tak 
s CD, et The bed in a point E' oo neay the edge Cae, 


— Az. by trregulay is, | in every ean. on, 
ee the wall af pees a monelith . 


: ae Ps oe i$ readied te ind — Conditions 
BOON Fig. of slobility of the shraight earl - 
: z oA 49g work dam ABDE , whose Jereg ih. 
uy hh, = ik a i paper, a vegards sid - 
9H 3 % f ing heritonlally on the plane 
» AE; le. ifs trichonal Talos! ty 


sass — ) cae eee With the Arma eusions rf Baa. tig: 
Boe ae 5 y Bead bemg the heavinesses of the waler - 
ak ape (See 7), we hoe 


il inn Ge sayy = forse} t0 


3) a is al that he ORS oa of a 
; the same, vizs: hl. hyp, GS f° f the waler press 
mee be on & veri cal reclangie equal lo lhe cre, 


. ais are there, The i ure thews Phe qeverel 


‘ yal ~EARTH-WORK DAM. } 37 
“i prajection ef OA and wilh 1s centre of gravily 6 at lhe — 
be n€ depth (th) Compare § 4od . Also 

.- Cone ef f=v- Peosx= \OA eos <hly = yah; sol) 


hs the Same as The wader pressure on the horzenlal projec- 


han of OA. if placed at adeplh = O'G= | . 
Be “oy slabi lil, against shiding the ‘horiz. sonia of ‘P must be 


F than the jrchon due To the fdal verheal pressure on the plane 
E wz. G,+V 5 hence of f 16 the co-efficient of frrciion 
2 AE we moat heave H < f 1G, +v | $6@., See hove, 


ah ent be < $ [th Cb+s@rep'+4 Eahly] i) 
: wer, xf the ates leaks under the dam on the surf ace AE, 
as to exert an ubward hy dyosledié pressure Vif, +b+qthy 
vielion wal be. only = 41, +V-V | axe 


¥ a0 he veblaced by 
Bee <i {car-v'}....--.--- 


Eahernet shows (Weisbach) that wih f= SBE Liens 
at ons made from (S} and (6) Created as bare te 28) 
ve sabiefactor y veSulls . 

xample. (ft.'. sec.) with f= 23a, he got She at 
Q4 fia = 26.4 ft , anid: e=x 30 ft, CS. wales 


mq (6) ag equality cwitle oe ay 4 
“ly= fff (+ 8#2)+ 4 £ ably — -G+3+9y] 


i H00 = S[a2zG+26. Q)R + £ 24X20~(26.448 +N] 
wv a 1 Selvmng for b the width of Top , b= 10.3 feel. 7 
22. Mrauid PRESSURE ee < BOTH $ IDES. or A 


de, Fig: boo. yreceives: on are a gras ee: sah 
7 oe and an eae: presiate P from the Jarl 
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So Baa 


| waley WN. Since these Two howe. pn 
bh Ore not in Tha Same line shee parallel . 
a ther yesuifant BR Pe whieh = Ua ~ le 5 
aclé hor a optical in the ee “4 & hlen« tout 
ho ak dislauce ‘below O =u whe eh. 


we may find by placing tie moment of 
R obout GC, 5 equal To the algebraic 


ey ea = oe. de (x! geese ae cores 
whenee Us Fe a a + ip- ea 


‘7 < and C, ave the resheclve cenlves of pressure o{ the sur~ 


faces 0, Bas: 0, Band we distance of R from ©,, 
a while feat aff erence f Jevel belween head and Tail tee 


- i the. ee G B ound G; B: ave both reclan gular, 

= hae 2h Oval a cae 

a | Fram het the dimensions be as im ee col beth 
_ Ben gurjaces un dey ‘pressure hein venlan + 


lay and § ft. wide  Then(ft. ik. set, } 
‘Re P- Ne or , 5b, | 


ane haysys ~ syex' ens= Lov00, 


Tos. = 10 Tons ; while from 24. (2) 


ay 
ue 
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i 
/ 
ms 
a 
‘ 
ee) Hs 
hel 
rn 7 
ian 
tf 
a 
cya. 
at 
pi 4 in 
AG 
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4a 
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: ae 
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a ch. 
ay} 4, 
oy. 
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ia 
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ce ae 
a 


een ! 20000 

| Fa 49 Theb ; es, uz ie. a3 feet wihtiehvlnetesh C . Newe 
‘ he bressuve of lhe gale. Ubon i$ hinges ev olher aap vori 1S te 
| | Same (asicie 4 cule dS own weight ) | provided d yb ac Tigiel , ¢ _ asif 
bs single ce feat. force Rex a Tons acled. mat liye. } aa 
2, Oy. +t : selow the: level: of | the teal. waler gua{ aes. 


py 4 = 2d or (6 Sirus below fhe foul waler 


q : ‘ile } ni 
wae a a 
YARN CORA a Lee ts 


sum a tore of B, ond P, about 0, 


uu = LIRX6XEXE — 8X AAC as 


x 


422q WATER PRESS. BOTH SIDES. Ki 

Pieces sial Fant hese £8 abphed m the cenhe of 

3 of ihe ; biale, PROOF as {aliows: Concave the scf[ace 

iwided cats a great nants of Sraall epual AVEAS , ae 

_ ther, the head { waler of any aF beng = X, on’ tae head- 

Ade ‘ Ried =k, OW the ail-waler BIE , the me seal borat. 

2 onthe aFis pdF (4,-%_)= phaF, tn which: 

ne _ difference of level | beeen head end jal 

“Thal “is ,the ressliant pressures ne TG equal dé *s ove 

uct ae thence form a sy slew of equal pavatiel | forces 

‘ed ave the late m the Sane powey as the aur ef 

ean peorlions af The plate ; oe dive siugle dent mM 

eis Through the centre A gravy df the blade 5 fq FD, 

br pe resuliant = fphaF = ph fdF = = Fhr. 

nple . Fig.492. The resudlant pressure on @ CY 

ey tule disk of radius Lee mchEes it the 

veviical partion CK 5 nas We weld of 

== gvavily 3 tt. below the Tail watery Siacr = 

aes face povill h= 24 ae iS Gx Th. sec.) rote 
woe Re Fhy = "NY hy = aw & XR4X For: a a 

“= 1746 tbs. and 1s abphed Through the 

ccrhe d gol ot the eivele . Fudedt- 

ALE Fis the same for any dep lh ee" se as 

oa oe watery suxfare, so long as Ae 2 £6 58 

oe 499. oo the shadent fired a graphic proef of hes a . as 

423 Liguib PRESSURE on CORVED SURFACES, > 

A Ra migid Sarface is eurved, ra pressures onthe indwil- 

a oY -demewls a aven do viet fori. a syslemaf | baral- eh ae 

ces ‘eed the. single vesuaitant (Gf one, aS pracheable) 1S. nol 7 


r ~ Veer sum In qeneral, the system. | % not, atthe ae 
ake | fares. | but ean cd weiy be veduced To Rwo tore e3(53 367 o 
of estos at one of which 4% aecrboilrary, (4 ao nde 


5 oe of 3 os and Ws amount « = (2x¥*+(EX) cs %) 


Nee Te ee a aaa — Sa anaE <a 
PPS SS ORE ST RP TERE EE mee tage ge at sere or 35 PEROT Tw AT —_ a 
‘ 5 7 ; 3 = : ae: a ainnort = = 
aE : = a TR AEE WEES, Co PRE aS 


& 423 Rie. ae SS, ON CURVED SURFACES 40 
A svagle Exam ic awit he quer) . that of a} Than vu gid § § shell 
EB esing the thape of the curved suyjace ef a.done, Fig. +935 
: a patible being h and yadius of Pe =. FF, i has lations 5S 
g . plated on a smooth, lable ,vevlex up, and 4S idled so | waley He | 
Be ao: a small hele tn the aber O which xs 
a Bee ee ne wes left epen (To ad nub ppt ae 
a ure ). W hal load 4 besides WE own 
+f at acy G; mast be blaced on ib Te 
prevewt the waler from Vitsrig a ond 
escaping undey the edge A ‘s 
The pressure on each AF of the inner | 
:  euyued surface ig zypdF and is 
| Poe To the suvface Its verlieal component is zydF sin X 
cand horzontal tomsport, = = apt tos  . “The df ’s have. all 
tne Same XK bat different zs (er heads of water). The he- 
= wg Tendency af The waler on the thih shell is due fe The verfieal 
_-carabowents forming a syslem of Wl forces. while the horizon- 
oe tad componenls , pri symm cincally ee the AXiS of the 
tone > neuivalize cach other, Heuce the vesullant Lefling 


fore is V= 2 ert. comps.) = ysina fzd Fs psina Fs We 
es Pec Fe telal avea of curvedl susfoee anc & the © “head of waler 
of ils centve of gravity, Eg.(1) may alse be writen thus 3 

a We r Le ss --{2) we which rae F smax = Ay ea 
. | af the civeular base = avea. 
Eo The proj ectiors of lhe curved surface upon a plane | is 
E a the veviwal - oa: e “pen a NE Plane . Hence we agape | weil 


aace Z= fH bemg the = of | 
| ES ek ere 


cuyvued surface ind prot Phat of the . es Deeee: af walay, 
i if eg Pd weight ef the shell ond te <V, One: ahartiovnal | 
: Yous! G= & G'-V¥ would be needed To est the liffemg. 
; the shel’ has a hoflom forming a ease ; , jor the come ee | 


é- 
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“ate! 
7 wis 
at 
- 
i. 7 
of 
ae 
7 
a 
ia 
ane 
: 


ee Tee 
Sere ery 


ce hin. rress. at 
ee sai x og 5 wep nad that the vevlical Tiqueud forces oul ive 

4 anf the whole wig body, bast andeali are WV upward : &: ‘ows 
ec” down waral aad the hqutd ee on fhe base Vee 

as ¥ V's car hy (§ 411). aso dewnwarel. Wewmee the resuil- 

| te amt verheal re To be counteracted by the oe 1s ei Ne 
and = G+G4V—-Vy which =< G4+G"4 ae -.-&) 
Sy 42. the, fhe weight of The pase vessel oe lhe welir 
Be €n at, as we know of Course in odvancte, 
ee = (Chap. IL 


Be PArICS OF IMMERSION AKD FLOTATION. 
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HY, Rigw BODY IMMERSED IN A LIQUID. BUCYANT 
EFFo RT. Tt any Porlion of a bedy of homagereous hautdot 
rest be concewed fe become rigid wilhoul ollevelion oy ‘shape 7 
oy alk: yi Raids: -evidenthy hill yemam at vests } be. wits weight 
oe A its centre ej gravity would be el by The 
. pressures, on iis bounding suyfaces | of the conliguous porliens 
of the Viquid ; henee 
ss aa rege body oy soled 7s ammersecl ina Ligue , both 
- ee rest, the reswllaut acheon upon ae of the Surrounding ‘Fe 
fund. s fla) ¢ i$ a vertical upward force called The puay 
ANT EFFORT equal wi amount ls the weight of ligucol 
ee viced: and aching Through the cenhe of nt of (he 
2 tetume (considered as homegenecus) of displacement (now 
9 eccusred. by the solid) This beint is called the CEN as 
: OF BUOYAN CY pand is somelimes spoken o} as she centre of 
a graanly of eluspi aced waler, If V'= the volume of dsBas cee 


f 


ae! 
=" 


ee 


Beet ae ia = heaviness of the. higuid, Pen Sur EEEO Te Jae 
it the a gq ot The Sold is Arie : 
y gual tT The buoy ays effort , er if WSs centre of grave! ae dees 
a pact be i the Saw? veytiea! as the centre of | ge: the 


wees four 3 Fey. ae Sy lem oma moelhien hhegins. 
aaa of hs very, ae oe achien ae the me 


et! ie. iced forces. rene G's = vp, aS 
the cenkie of 1 gravly Wes Arie cane ae techs of 
acy and ab eee Gs he aller, the equal bettas i is lable, 

* oO pt ang ular distuyhance the abe 7 eluyns ts bal s- 


egal is mestchie: yf on esc aa: Cg ee 
1$ homogencous emed of the faime heaviness as Une 
ne a *S sitet, 1.8, yaa. tre seh bosiliou 


Fig. oy Fa! ak 


(a) 1S an eects of sissle 
equilibricne, the teuly of ee 
oy aney “B being above the 
centre of Grav, C , aud ie hu. 
oyant effort Vy = Go diene 
weight of the selid 5 ata) = 


a conversely we have ie ¢° 
) quililerium, ns Vy} stl? = om 


=D 2 amy anil effost. Vy 4 > G’ ,and to preserve equi- 
' am the body 18 allached by Q cord ; the bollorm of The ves- 

ie Fension in This cerd ig GS = Vy G'. At (¢} Vy 

amd The cord must be allached fo a Support aheve 


$ 


tension is S a a Le a ne erie cs (oe ae : 
GQ) [em ty Fig.) we cat S the apparent weight 
x immersed heady | and measure by a Pgs or beam: a 
nee We may Say kot : 

2 Ry arent evecght of a slid. lola? lly tmmersed me 
5 | dtd hes peat ane Seeaingebed ay _ that oF 


IMME ou | | 43 


=the weight of displaced guid 
ple i. How ae a mass (not pe a Cast iron can, 


ate bitbane a. eee Space onal sa as 3 curs 
water , both bedies completely immersed & [ft. Th. see. 
af eae fiat on the cylinder is Vr ar 3X 62. & se. Ibis 
coving Q residue 47. S )bs. ubwerd fevce tp buoy | hae cash 
hese ve lam € vs 3 Age sai als ajeaviness (57) 
ere 4SO Ybs. per cub, foot, The avveel buoyant effort of 


ca The cast yon is 4 =|V ae 62.9 a Th3. 4nd 
e em requires” Mat. Ths hs eae 
ree ot S Ybs. shail = V ie the weight G “of the cud: 


an . 7 Xe a.8 +47, i S _w'x #50 2 ae ay ia cub. fe. 
OZ KYO = $4, sce ef ¢ast tren , Ans. 


mple ae Rescued She welume V, ound heaviness $ 
ogeneous selid which weighs 6 ibs: ect ef welt, ond 


Vos. vs a immersed (apparent es), (ft. Yb. see.) 

am 24.) 4 6 VERS i V's 0,032 eubsfeet 
are 3 + 0,032 = J£7.5 dhs. per cub, fi. 
ris 167, $ 62,9 = 3. 0 (absh, rub.) 


a ae ma giveag he True ee as eis 
2 EC\IFIC GRAVITY. By specif, é grauly is meant the 

of the heaviness of a given homogeneous subslance fe that 
awd ard homme, Substance san athey words, the vale of ihe 
@f fen eerlan volume if the tubslanee ‘, The “wreig'' of 
geal aiolunte of the slandarel subs Janse, Disliled woe 
al ihe Vembevalure ef max, densily ee Centigrouds } 
. & bressure of PRT Vhs, per eq. al Seavaetines Valea 
Send avd subslance more pease ually peas at 


p 63 HRS SPECIFIC GRAVITY 


a 
Se 


~% 


Ln 


ao: Fahrenheit (i 6,6 “Cenlig. . W Waley, then, being the Sav 
aad substance , the numerical examble lg cn “qlus rales 
& Common methed of delermiming exbenmentally the spec. grow, 
Aa homogeneous Solid substance , TRE value There obfamed be. 
the “s The $s ymbe) Tc Grea Greek sigma.) wilt be us- 


~ ed fs denole Speci fie gravity whick 1$ eundenily an abshacl nun- 


“ber , The slandard subslance should alway s be menlion ed, ane 
6 cies s then the heaviness of a subslance ae 
Spec. grav. 1s o if ---- + ~ (3} 
and The weight ¢ of any veluene of the co S1Anete wey 
Lg wriien C’= Vv y = Vr | a. Sok awe (2) 

| Edently a knowledge of The value fy dispenses wit Re 


Sz, ef om , Though when the lalfey can ivilroducect inte prsb- 
lems involving the busyant effort of a liquid the evilénoy as — 


whdher a homogeneous solid will sink or ~ISE, when we- 


—mersed tw the slandard hquia, Is move easily applied, thus: 


Bemg immened the Soluwee or of the hedy = = thal ae: at dis - 
‘placed Vqued. Nence 


a if eg 's >Vy she, Ty is >Vp yer o Ban it Sinks, 


Eo ueale sf ang is<Vy Serawe eZ or © < iL vises; 
te. ateording As the weight GQ” 1S Ss or. a thax the buoy. offal, 
Othey eka: et as the Spec, rGrav. of solids liquids 
ocd Qases are owen in works on Physics. 

#26 EGUWIBRIUM OF FLOTATION. In case The waight 
oeNg a an wimersed Solid is < the bucyant effort Vr (where 
WV is the volume of displacement ana y the heavy, ef Wud) 
the hody rises To The surface aud afley oS of osedialens 
comes Yo vest t ™m such A, bosilion | Fig. 4. 3 3 mts ceulre ef c aiaeale 
ity CS and The centre of buoy auc B Cthe new GB eae 
TS The new volume of disblacement, whick is hinted above by tie 


Be hen. plane at the free surface of the liquid Are mm Ihe Same 
a ver ticed Ceaiied the axis of £ ictahion ) (or line sf subpert ) and 


; FLOTATION. oe 4S 
me the volume ef disblacem ent has Auminish ed Jo such a 
new ale VY, that Vp Ne toca tad 

Ba Sp Yn the igure V= va AND, below 
the hoviavplane AN, and the slightest 
molion of the bedy wil change the oe 
of the vel. im geneval Goherens wile 
complele wmersion he vols of drs bore. 
rent rEMOLMS conslavit . Fer siable e- 
uilibreun it nel essential iw euery 


— Sease Phat Cc (cent. of Gvavs of bodes t 


fo 


: Fig. i baito 
Ja be below B (the centre sf buoyancy) as wilh eompiele 


rs new vie definite velalion belweem The val.of displace 
& aud. thal of the body a; unless the lalley is Reid 
ence and Then foy GC we may weile Vy sie. : : 
eel at ; Vy ‘ome Vy (for homo fen. Select ) gies (2) 
the weluimes are inversel : proportional fe the heavinesses. 
moyant effort of the aiy én the Porkon ANE ray heneg. 


tee ,38 imsignifie ant, in most bracheal eases, 


ly may be easily ariec (by shifting ‘ballast e.9.) 

tas cevlaurr lumits , bul, the cenve of busyancy “B depends 
the qeomelrec® form of the vel. of disblacement AND 
he ‘hoyi2onlal plane AN | } ae : 


ample, Ft. tb, see. A solid enn Ge 4.00 Ibs. 
md having Vis © cub, feet ,™ ul. hallows or YE ~ 
4 will feat. im woley ; smce te obl ou « buoyant eHavt 
OO Yes. , we need a wal. of displacement , fee €49, i). 
PG. ten + 62:5 = erly 6.7 cud. ft. Nence the 
ps Solid wil Heat with £- 64 or 16 cube. 


nC having a volume Vv 


ie tag above Yhe waler level. 


$Yhe solid is Aollow, the position of Ws cenlee of qrav- 


ees f 
ae ot Pe 


pA eS BO a ae ae a ee 


—e e 


cd on” 


‘=  MYDROMETERS | be 
97 THE. NYDROMETER is a tlealing ae ex de- 
wing the yelaiwe heavinesses of liquids , bogey UAE shows 
7 , the sim blest form | consis sbing oY & \nulb amd ee 
, — eal slem of. glass $c design ed and sions as 16 
ie vo flect ae qn all Wquids whose heavineeses Gf 
— s ts compare , Let 18 denole The tun’ team ese 
al avec of The stew. G circle), Aw suppose net wher 


oa Noaling 4 in waler (whose heave } 5 the wealer dur- 
= fase marks c. pomt A on the slera 4 Rew fable | 
| fleatieg | HL another liquid , Say belsa ieee us ote 
heew. = K wew igh Ts dcievwiae 5 te fleoks af 

a greek e er debi} re , he | hiqura Set bse ROW nares 
acai ie AY on the slew , a height w= K above A. | 
the. same im hotk experiments but while The vel. lof pean 

0 waler is Vo 5 te (Pekieataake is Vet F ay a AS oe 


, mihe. waler Cay: aie 


“the petvcleurn Go =<V+ rx), ee {2 | 
a skaowing ae FL, a, and 4 we find Vand Ks 


ig ? 
OM Sand f, = ae. 2) 

fe. ee Gap 

2 : "46 Speck delermued by noling the additional a Aislemce x | 
ui h whieh The tnslrument ainkS in walter under an addibaual 
if nol immersed ; {or then GC" +P= (V+FL)y AFoe | 


ample. [Using the meh , OUNCE, B second lire wheek 

pe 100071725 2 0. $76 oz. (§ 399) | With, Go 

, ounces , And B= 0,40 $9. WIcheS , x being observed ow 
aduoled stem, to we §$° inches oe have for the elicleuns 
: oe 3X05 0. S78 eas = 0. $2S oz. per cubic inch 
63. + 0, + 010X8 Me. S76 ‘= $6.7 hs. pe er tub, dest. 


cima influences the heaviness at most Vquids ¢ te some . 


5 DEPTH OF FLOTATION | 47. 
§. DEPTH DE FLOTATION, Ithe weight and exliv- 
: 4 shabe af the Hoaliag hedy are eguat a The ee 
a wlty so situated that the posiion é{ {lelalion 16 known pe 
h of lhe Towest point below Ihe Serface Pray he niin 
ase I. Right prim er cylinder with ifs axis verhea), 
is eis 497. (Fos slabdili, aa This pesilion see S 430 } 
= Let Gv= weight of eylinder, F the oreo st is 
+ evess Seclion (jun eivele ) Ee Ws allilude , and hh 
nh The unknown depth of flolalion G draught ); 
ue then trom eg {1} 3 U96 3 e He a | 
Qs Fhy a aes ae hs 


AY, | 


dich p= reanof the lsquid. Tf the prism G eytins}is Aoree- 
eae Cnc Then C 5% the middle ef ie iS Yugher Than s) 
ap is ogee : ys = Fy oe: ihe po dae in’ 
eee CCUM CUP tee BRS 
F whith an sbeedf . grav. ef solid ref erved te the Iequid as slanderd, 
Case JT, Pyramid or cone wilk axis verbal anal ter 
ows. rig, +15. Let Vos vel. of whole ener 
TG syerd = ad disPacement From sie 
Neti 

OS aa ee Spek : 


ceenemmnmnalle 4 
oe wr § 8 


ste 
Pgahto ened} 
e 
&> 
i 
eo 
~— 


2 | 6 Y= S “N | P v? s,,. 
GS. SC , ; Ditto bul verlax up, Rig Sit Let ihe notalten 
Brey me be as before, for Vv rouse A ig The part out of wa - 
Ch”. ley 4s a pyrawicl . vola ¥ = VW ¥ : aud 

i similar Te the whele byvanid We as 


% 3 3 : i 
Sop aarl es hes Bet also Ve 4 
YeN oh We eh e 4 4 l “‘Y 


on oP 
} ad 
what 


ELST ATION: oe. - ee 


as well @e vel +5 (4) 


eT. Sphere. Feq. SOO, “The prea traesevsed. af 


Ae = [Geta caf Gordon 3 


and <, gmce Y= ne “x weight of shhere, 


ou § 


eee Gt Ss) 
ae. f 
Prem whieh cubis equalien : may be ehizen- 


ctennive =~ ond  Gaxmeyiteee : 


_\- fae of Seqment a eaXt 
_ = (rix~ trem 2e)L + sia VeS 


= 1 [x3 * Sn, Det 5 ee ee a 


co 300 Fram This Iran Seed evial equalton We Cen 
m% ey Tmal, te radians , Gee Saat ce $4160). 


~ i Lae he r(i- cosa) PGE eee BE: 

Z mple ss A aki ef HO ancthes eclee is observed 

aay depth of fle\alicn he Dia. 4 am water. Required ibs 

. re Eom €4. rae (meh, yb. sec.) we have © 

: | |e. S 1725 | 9 *[20~ gA7= 1868 }bs. 
pos may be hollow, e.g, af sheet melal loaded wih shat, 

i sled try ony way , or as. G aud the vel. Vo of disHlace” 

remain unchanged. But ves # the sphere as homogeneous , 

bestt 1053 ae hore = gir =o =e Tr 

ti a = ies Hs ae cubic inch 


RS i SE SSS Sig SR a a I IEE a Se Se EO 


cre EXAMPLES DF FLOTATION. 4D 
— Exanpl € £. The vight cylinder in Fig. SO! is hemogencout 
a :. 18 inches Btscncter:. and has a sheeif. grax.Crelerred 2 ae) 
See T = 0.30 | Required the ny 4 ae Rk. 

Tks heaviness must be pe Be tk weight Cx =Voy 
: =arloy 

e as abe rlfx [xz sidan et X—> Sm kdk at 
any), Trying ol a 60° (= qn iu 


= $) we hav 
7a adians) we ee Set ~ 2 sig l20% 0.614 , ages Fok 


a 


a Fer A=To, 1.2217 —5 sin 40 x 0. J003 — 

Fer co7)°, 1237) — > sin 149° = 0.9313 | 

Fer a= 7}? 22 | h2H SSL sh 142° 4% = 0.9426 alich 
— peay bee considered sufficiently close, Now from e4,(7) 
he Ga G— 71°22) = 340 * ee 


4 HOF DRAUGHT OF Skies. Tn designing a shib, esbe~ < 
tial Ye. anew moda , the poston of the centre of qranly is << 
Bey 4G) at & 23 Coit weights | jaslead of volumes) 3 f:€., the 
Sum af the products oblained by niudbiphying the weight of each per- 
 Trovvef the hull and cargo by the disiance of ike cerdre of gravily from 
e  temventent relerence-plane (e-4. the hoviz ent, plane af the keel bet 
tem) 3 is divided by the Sam ofthe weights , ond the quotient j i¢ the dis 
a Tance of the eenhe ef grav. of the whele. from the ve eas plane, 

q Sanilarly ths diclance {rom emolher veerence plane i i$ delermined. 
5 hese Twe co-ordinales aud the fact thet the cen, of grav. hes’ th 
né median verfical blane of symmetry of the ship Cassuming oe 
BS mame rical array tment of the frame worl ona cargo) few 3 1 

. Eeeclion. The telar weight one = of course fhe sumef the ner 
4 | dividual weights just ela ded: The cenke of busy ancy, 
~ Ses any assured draught ond mE, leet postion of ship | 
| 48 found by Phe same melhod 3 bat more simply > Smee bis The cen 
bre of qravidy of tne imaginary homoqeneouns velume belween 


=~ 


8 4og DRAUGHT OF SHIPS _ 
a E the walley line bane ana the welled surface of the hull. “The 
4 Re : _ Volume ‘i Borat lacerceut “Sj is divided into an even number Bary 

| hs €) of herzenlad laminae of egual theckness aud Sip 

Eee °s Rule applied te fur the volume (¢. Vie preceding for- 
at aud alse (eq. 3 § 23 ) the height WS Cent, df ayak. 
er: doove Tre keel. Spat itorly ky dives tou intel from Sh 20) ¥er- 

s ‘Teal shes a te keel » (an éven number omd ef agua) thieckness ) 

we find the: dtslance s Ihe cent. of grav. from the bow. “T lke 
a tenBe i busyanucy is fixed, oud the corresponding beaoy ont tiger 
x ; Vy (Citshadeally cated the GiSplacemenl oud aia a 

 gaSteadl combuled er assumed dr. Cas (ubniht ) 

eS Daan om De he " desplatement™ af Ai wsheds shi} 

a 48 the posdion of eaudibrum d the ship when fleahxg bright m 
a DG waler, onad The torrespondeleg draught 3 S Ticked, a: Ta whetk- 
ie tr ths aquiliteriiem is stable or unstable » see next § : 
BS < Tr mest ships the ‘cenlre af gravis Severa) feet, clove the 

a ee of Tbupyaney , 3B aud a foot cr Two below the waler Ime. 
= _ Ay aship « % of | “oat aud i draught odlaatiy neoled Ws Yo- 
E Jal weight ¢* = Vy tan be compuled . the values ef V ferdif- 

: oe draughts having been previously ei, advance . Tr 

Ah way the weighs ef asf event cargoes cam also he measured. 

3 Example. A ship having a aisblacement of $6c¢ Tons 

7 6-ilself a tens tr weight ond disblaces a volume of Sa/t woléy 

Vs = +} = 10000000 tbs, + 64 ths per uk fl& S625 G56 


—4BO, ANGULAR STABRIT ‘Y CF SHIPS. He vessel floating 
E mo were the peculiar form aud besilion of Fig, SOQ (waler- 
* ene seelion having On ores = mers) als asea ce re~ 
s — Gaur fhal. position, or debort from iC it when shigi 
ae LF ed ar angie p rom the verheal a 
‘3 =a — due ts the aclion of the couble now 
: 2 Fs, 502 a by The equal {1 forces 
ae Vy Gnnd ee ants avt mo long: 
+ aiveity Aghosed.. Ths feeb ¢s called 


PEs, -; 
(oe 


te 


ag — STABRUITY OF SHIPS. St 
Tk Bing couple Y il acle to veslove fhe first postion (as i im 
fey SOS where C is lower than B) and ar ubseliing couple 
+ The teverse , Caboe B. Jn alhey case the ere the cou- 
pe is = Wy BC sind = Wy € smd, omd the oes of. buoy. 
< ancy B does nk change ik posihen sh lhe vessel, since the 
t —. gan Temas the same ,j.¢., no new portiins 


Bul Ra sexed 4 ordinary pa Sen hiswed one angie $ 
from the verheal , Fig. 90% Shere ts @ new centre of beoyancy 
| Wy Ze see comes ponding to the new shape 
ee A, N D of we displacement Vo hae | 
a 5 “ama ‘the couple be wight the vessel (> 
i eas eee : ~ the reverse) consists of The Res yorres 
§ pom: Got C ond Vat B,, and hata 
aaa 3 ae (6 TMamentQ@hich ot tect call Mor 
4 _ he Fig. ment of élabitily) | eel value (528) 
ae — SOR 4 Me Vy m OY 6, Sin? -+-(3) 


Xe ow eontewwe bul in at B (cevilve of buoyancy of the ubright 
| 8) Fwe veviscal aud oppesile forces each = Vy = iS 5 call 


¢ them P ond P, (see § 20), Fig. S04, “We can mow ve- 
a the = Is SW] aS ee 4 net wre epee C* ee 


i 8 $3203) ei, Yj i BC Sing 4 Vy wise a te @) 
Buk the couple ¢' P| would be ee ee ee 
f ne new porkens of the hull enlerecd the waler ees 
from & i the inclined pesilion 5 » hence the othey couple | Nr ia , 
Vs exislence Ya he Srnersien ef fhe wesg < AoA, 
immersion ef The wedge NON) , fe., to se loss of a a 2 
nt force Q-= (va. Aoady on ome side ud the Eee of 
‘ gc bucyout force on the ‘7. as thes couple [P, sWy| 
i Je of ae couple [R, a i ae eae cdl 


* 
ree Pr; 


—— 


en oF SHIPS | Sar 


nudlewig in at the cent of bueyou 5 OE Ge 

oo twe wedges a vertical a 7 
= Qeeof wedge), = Wy. oe #3.) 

ie Cl deades the cerry ef Hag couple 


‘Ay sve. Sapeas Be write 

=e mB sing (4 af |=V, ¥ OF fice 3) 
Gud hence ) denoling BC log ¢ we have 
Ms 2% step + VL ‘Bog wie ie clu 

Ra Ne je Sign 1M wees. | is to be used when Gy iS ‘ewe Te 

wk 7 with most shi} p>). QD, the inlerseclion of ED and Ay , does 
mol. nel miy lie on the new waley-lime plane AN 

: aero ~ Ha shh of (Wy =) 3000 lors ai aeceus 
a i a AS ty #5! is devialed FC ° 

kr from “a ag sie Said waler , for whch angle the wedge 5 

x AOA, ond NON, have each a volume of pose cub, feet while 

4 The Tovieoulat Relnece Z helween they centres. f busyancy # ie 
a pls. feet | the moment of the ‘actieg Couple wit be frown <0) 
ming on ste. syslem a wheek rd of gait waley = G, 632 2) 


Ma — 3000K 4X 9.1736 + YooaXs.092 X16 = 22as fins: 
wh Pa 1. bemg “+ indicales a ghhig eouhle . | 

REMARK, ye with o gwen ship and carge this memenl of da. 

4 M , be tombuled 3°Y é9, (4), fer a humber of values ef 
dud tke resulld_ aoe as ordmales (15 seale ) of ex cure, 
Fig. ro) being the abseissa, fre curve ob live -- ae 
~ 506 ed ig indicalwe ot the general slabi:ty of 
mt? ‘ ea Ee the shi . For. Some value of = OR, 
sp IMGs wel os dove 0}) the value of mM’ 

, zero 3 and or p> > OK M is negalive , imdicdling os up- | 
selling Gait oe Ped is for b= 9 fhe equilbbrinns 7S Sia - 
b hle bud for $= OK dap hale and M= 9 i bel pestis 
Fron aoe wie See se) : ax C is abeve : pinslabiiity dotnet mecessawgs- 


ee 


W foettow. 


$43) _..._ METACENTRE He x 2 
42) METACENTRE es A ship. Referring again mts Fig. 

— S044 we note Thal the enlive couple] G", Vy will Yh A sniht 
mg couple cr an ubsaing ah eee ae as the pomk tt 
Cthe inlerseclion of The eo Through B, , the new eenife of 
“busyaney wilh “RC Prolonged )} 1S: above. or fis i the igs 
gravy “3 of the shih, The leealion of Ths pemt 77 6 
with , bud es g hecomes very Small (ad wlmately oe 
proaches Oe definite p essen on the lime. DE a though nat Gee 
cupyneg hil $= 6 ca ospay Lea of m 3s called Thc. 

 mmelacenire,, ad re following daled 

& ship flosinig pois ich bia skbk a hay Peon sfil 

aneacentre % abtve ils 9 of gravily; anc Vice VEr$a . 

ose for x sli ght cae won from _ wey iical ant. 
crad an couble 14 called mls celton tf wi is a- 
be hove Ce. To a ema by meoms of the tube BS : 


ary Pf tS 


et: § vatimeally wuake p= Vy Ty nd Now The M1 0- 
vment CV, y ) a = the Sum of the moments obeut The heviz- 
oplad fove-ama « aft wealer-tme CXS OL, Fig . 907, 
i A the bucyant cffests tes 

: SHA to og immersion of Ihe sep- 
. ~ ale verhec} elewwerlavy 
MEO prisms et the wedge 

} ig CL NN, minus [oie 
; lost sitom emersien in lhe 
= — wedge OLAA. te 
Fey. so7 Ss era OA LN) be hiceowdte 
E ae. see the et ashen inched oe 
4 ott ouale fro the verbizal (p= Ae) ‘as OALN treeld 
_ ota Tine - Let 2 = the “1 disiance of omy lemeniary aren, 
a oar. ef The wolers line seelsant from OnGhichis The wilersechen 
of The Tre walter breed planes) Each af- +s ihe. base of eH 


543) METACEN TRE rh ie 
a kay | bys swilh altitude =< HZ, of the : weage N OLN 
, (arof wedge A OLA when = 4s negative) The bucyant effort 
Ee of hes prism = (its va.) X y= y zed, and 13 mement arent 
, OL s pyz a dF Hence the oe twoment , a Qa, or Vy w%s 


a of fq. dos ; = $y {2 at = =p PXL, of waltv.lue sedlon 


¥ we whieh J] ee the mom.ef inevlia “(§ S35) of the base 

q * OALNO, about the - gic eats fromtS9 

a pats ¢ = Simp Chee or p= 0 we hove mB = = J aN 

Deca <. Tie Bilewce mC. ¢ Na eae 

p the mela cenbre,: ve oe the Ls} at , Oh — ee .&) 

ag of qravily of shib Pg "S04 

. wm Bick oo SoG =  cistauece from: cen. ae grav, Te the. cel. of 

E Beyer, te negalive sign bemg used when C 6 above », ond 
yx. whole yoluure . ef woler displaced by the sh ip. We ei 

alse gate. y tron Gers. (S$) Scaiel GQ), {er seal] VYUMULS fe, 


Mow. -of xchlnig Cenpie = M — Vy nsf Lon at $e] dd) , 
res pone i + Ve}... 
E qi) will giwe near @b- 


Became for @ ae 10 er is ? waslle dys of avdinary yorms, 

: Example ek homogeneous right: parallels: tpect, of heav~ a 
“amess ee, chee upright as sn Fg. $0 S; Fiad RG melacerstie 

E aud whelher the equals orikw } is stoble 

“ft AY Here The cenbye ef gravilay & Cbemaflre We i 

; ee figure, 1 of course above B, The cent. 

ae of buoyancy; 6. € ‘Ss negali — Boas 


=, 


oo = the cenfre af grav, al the displacement, ned 

= S a, a dshance 5 h below the woaledme 
: es hex Ap 4 Sy 
a nee 2Cust Folie = 5 : mBTE 6 oe 
4 ¢ aud BD eo e— ith —h); 


fe. a air, ie a while, ee bs Sec 
a fone AN = 35 ry? Also Ve bhUs Bh 


~ 


METACERTRE 


q = a aa an Kk 1) Gare so 
Be: ee Lh tye Bey 
_° Db‘ oe |r b J iahy L(-t 


Hence f L is a Ga *y Lf! 2) the bosilion in Fg. sos 1s 


q dane of stable task vice versa. ae fp=sys> Sis Ora) 
WEG they 

we have {nc = yg [eke (-2)] RS i lchee 
a! it lbe see, 

a The equi. will be unstahle if, with p' on = a Y> BS 39 made < Tas TF 
| 4,22Sh” 5 fer pulling mC t O we ae bb’ = 1.225 hb” 


Example 2 ai 1, see.) i Pig. $09 vcent the 


Betig, 509 s 

q ‘ 

; Bow : ‘ ern 

; re ea i 
: @- 20°55 A £0and 9 “ ¢ 
oie =e SS tm Bin am © - iG Sn ‘ 
Bee (60 fl. ~~ s ~ + See Pee a oe eS a 


 haif weley- hime seclion ao » leaded ship of Cx = Vy= 800 Gs 
z displacement , requived the he height of the melacentye above the ceu- | 
4 Vre of buoyancy 3 > mB = % (See . just bef oye a7. (6).) 
3 New he quan iliy bey of the * line ae W his Same 


omelyy (see § 93) be writin JT = Q 3 ax, oe 
whieh . the erdinale “{ Io S43 5 


q the axig O at any pbewt | and a hy ie $ Rule 
fo ob prox, infegralier | OL being divided fats an even number f% 
= of eoual posts: “ema: i Aales execled (see Figure) Symes be wri. 


q ae ae +04, ACS, +4. Sa | 


4 which 5by numerical gubshilulien » s£€ — cane, i= 8, 
Se 460 lose arias +7 Serge) eas] | 


a 


s7e! META CENTRE 5. . 56 


ay, Meee fe ea ma, 
(abbrex, o{ course) BS i? 7 on 
: 343 ee . 
c= = loaas4¥X 4393 +2% 480% + ahr 
oh 
j20801 biquad, ft. 5 <n Bet a la. (oSol 
A e fect ee Ce eee OF 


That ; 1s) the melacenlre 6 3.8 ft abeve the centre of ' ae 


and a. ma oeCs 3 feet ig 4.90 ft. above the ceul. A Grav, 
[ See Pl easols Cyclopaedier r valitle Naval Archifecture | i 


; —— Mydredaties Coonfiriued ) s 


ears a! uid s 2 


£39 TRERMOMET ERS. Tee Tew:peralure, or , hotness” of 
liquids has, wilhua eeyiam limi, het Title aflucke on thes. shal. 
ical Behan. bet ole Gases fust al ways be Talzex info account! - 
swee the three quavltiés | Jerzsior1 , Jernperalure , and volume 
4 a gwen TEASE of gas are connecied "bs H rreashy invariable) ice | 
as will be Seen. glass 
An ary - thermomelr , fig. S10, ea ike wise bulb f pois 
fe ed with air hie which projects ating sFraight lube “of even 
. Ho _ dore e& that equal lenglhs ites 
; present ecrral volume ). A Small 
: te of liquid A, sepavales ibe 
-f E [0 mlernal Bake Be exleynal aw, bath 
a ‘4. ef wheek are dt @ lension of a 
q suena (147 ibs. per sq, meh), When the bulb 3s Placed m roel 
: 9 ing ice (freering point ) the dof laces ot seme peml Fon the 
Theke ywhen mw ‘Hiveg waley . the dvop 18 found at Bom acconnl 
~ of .. expansion of the infernal arr under the mfluence of the 
heat unparled fe ib, CThe glass elso expands bul only cou), 
Us 130 th as much 5 tas wil be nejlected ). he dus lance FE 


= ae se : i - 


Be +32 THERMOMETERS S7 

. o long the tbe may row be dwided inla a conventent number 
4 A equal } bavis calied degrees , iy into cue hundred deg FES, yt is 
Z a that each lage ve aepresents a volume equc) Ts the ee 
\ ew 367 ® i bavl © Tee bal volume occu capiedl loys Vhe gar 


ai ne cénsiant spe may eee : 
b freczi ing bent e i. ne Wicvease tn val ume prom "freeing te oa ¥ 


= point oe. oa 367 of the vahune ¢ ak freezma , fhe pres SSE 
| Permaining soustant , (are having any Vale value whatever sill Me oF. 
gl timid, 36 long <5 | is 1s the SQre bolk cet freezing BD sig’ 
mets xf nd always pracheable 4 's ‘preserve the pressure Consiaut uméder 
at eweumsianees wak ou oar-Thevmomeler » weuse The lamrncsi Mmer~ 
Bsc thes mors cler for most praclie eal” buxbese s.In t, S, the Lube 
is sealed at the ouley extremly , wih a vacuum ehaye the column 
= meresry, aud Gives indicalisns vhadk ee a closely will '. Prose 
} & the ‘aay ~ theywnameler . = Thet equal anal of yolante shoda 
pimby equal increments of heat imbayle -d le These’ Theyvmon ene 
Hluids (andev constant pressuae} could nol yeage nably be asdeyled 
wilheul sahisfaclory experimental evidence , This. ce 34 ee 
2 Alegether wanking SO That wk Are enable aA a Tay that areed- 
avale Fangs of Temperature equal mmeremenlé ef be produce Eon 
a eats af wolume 4 am a given MASS Hdl on le et Cobalt te f 
Tmoshhevd cis bat of the is es ed "perfect ~ ar “bermanenl ‘Gane 
myqen., nitrogen hydrogen, dle. (So named | bclere ik was ae <6 
i They gould he Nswefied) This is neatly for wa EY CUTY waa al. 
‘ shel, aS we, bul nel es ae BO ee eas, 
ihe Seale f rent Patreurial lrevimomeéley as fixed ey) with oar ary- 
e momeler We. shad have fy uSe anew teale aud manew bos) 
fou on the tube, for cack value of the bressuve, 
THERM CMETRIC SCALES, lis the. Fabs aiiert 


Fhe een freezing aid berlin, 


ale fi fi e babe, 6 marked off mis” TBO e equal bers and The zers 
a ked of t 32 of these barks below the freesing point whichis 
; + 32° 5 aud the holding bent + 212° 


The Cenl:s rade ger Celsi. AS, cole whack mts he BRE chuefl 


ti 
mi » im ; 
baw Scienkthé bracliee » plex aces sts rere al freezing oned 106° - 


es ee ee Oe ene ET ne SOME tl ea er fee ee eee 


— 8 433 TEMPERATURE ABSOLUTE, == 58 
la beshing powt. Hence To yeduce - ; 
a Faby. readings To Centigrade ysebfracl 32 Stead Sh by Vg 
Cent, 8 Fabrenheit ,muliby Yh. ond odd go'0 
, 43ah. ABSOLUTE TEM PERATURE, Ex penment als » show's 
that xf a mass ef cur or other perfect gas is confined im avessel 
a whose volume 4s bal slight dy a{ected by chang e¢ of Jer beralure, 
as equal increvs enh of Temperalure Coed fhevefore egual puCrenreint: 
S -of heat imparléd te the 72s) produce equal sucrerexds ef fensioy 
a dé pressure per unit even); oy, as lo, the amount of jhe increase, 
= fai when hhe lemeperalare 13 raised, f SC ext, the fevisiovt is tie - 
Greased a53 : if value al freejing point, Hence, treorelical- 
| y 5 & [eee bayomeler Ceonlamnng a higqued umodfecled by chores eg 
a | Terpevalare) commumicaling wilh the confmed gas (whose valume 
e temmams conslan$ ) would by ne in drcahons Serve AS athermomeler' 
a = Var, : ? Fea, Su, aud the clfached seale could Le 
sti A graduated accordingly . Thas, if the cal- 
“nan Slecd. aL A wheu fhe ter peralire 
Was freeqeg , A would he marked O° on 
LS the Centigrade syslew , aud The degrex 
Shaces above and belew A weuld tack 
= = 573 ef the height AB, cmd «° the 
a boot B (cistern \eve} ) te whick the Column weuld Sank iv 
the gas~Tewsien were zerd would he marked — 273° Cul. 
.: _ Bat A Zeve-bressure jn the Kmelié Fheory ef gases{§ 39 3) 
 Siqnifies thot the gaseous molecules ho longer rn pinging agawst 
the vessel walls (se thal the fress = 0) have become molianlesss 
and ths, tn the Mechaneal Theary of Neal or Thermed ynarmies 


“a amples That fhe gas is falaily desiitule of heat. Hence this i 
Be dea} tempevalure of = 273° Cet. Ps wa 46)" F ahr. , iS Calle 
e ed Hie Qhsadule ACC of Tem peraluye, Gud by veckoumg 


Temperatures trom € GED slovleg point, May Yor muae. walt beven- | 


a 
ye * 
F 


ped: 15 ealled absolude temperalure and will be densted by | 


dered much more simple and eormbact, af embevaluare sexveckon- | 


3 a the leltey ba Hence the fallowing ules for seduction 5 

—— Absed. berm V us Cenk degrees = Ordinary Cowl. + 273° 

— Ahsol. temp, T sia Fahy. clegrees = Ordmary Fohr. + 46) 

Fer Example Qo° Cod. ©, T= 213° Abs. Cent. 
433, DISTINCTION BETWEEN GASES AND VAPORS, 


Yb ie 
All known gases tan be conver led, ly a sufficient yedutlion ef — 


 teeaberalure o: merease of pressure , oy beth 5 Some however, wilt, 


grea diffreutty , sucess dienespheyié an , oxygen hydreqer, nin 
Progen , He. haves been onlay vecenily (1595) reduced fo the ‘ke 
quid form. A vapor IS a gas neay the point a} Nguelachen 
aud does not show Thal regular ily of kehavior uncler changes of 
temperalure and pressure chavaclenslit of a gas when mucha-~ 


: E bove the pom ef hiquefachen ‘ All qases Wrealed m this chebler 
Cexcebt sTeama) ave Suppesed in a condition far removed from tg 


slage « The follewme will Mustrale the properhes of yabors + 
Fig. S12 - Le a quoniliti, of Jiguidl > SAY waler, be induced st. 
Ther. |} Paanons. te a closed vacuous space ¢f considevally lemg- 
So QD so evwolume than the waler cond furymished wth 
a Tuanemeler and Thermerm eler . Vaber of weer 
. ‘ey trv edcalely beqms to forms " the Space a. 
beve the quad and continues le dose tah) iis. 
eae olame a defanile yoke dependent on 
Temberaliere + e.g, «f the temp, is 70° Fahy, 
the vabor ceases te form when the Tension 
: | ytaches @ value of 0,36 bbs. ber sq.inch , If 
heat he qraduaily abblied Te vatse the Yemperalive » Here vapor 


5 wall form { with ehidli lon pit. from the, bed ef the Tiquic unless the 
heal 4s apphed very slowly ) Val the Feuste, cos]! nol 1152 ccbove 
a Sieg ; soo € of sige ef veese( 

a a fered value for each lemperali. Ase long as lheré 1% an 
- Fagaedd left, Some of these corresponding yer] S for 3 
areas fellows: for | 


tinted == 70° fog [50° 2)2° 290 267° 300° 
fen," . 036 0.973 367 Pi, Fue. $3.0 Ghd 
“a si : =Oone oe a 


39. tin 


, . . . : ee ee a v . - , : 
lial : ied " . : ’ oi ’ ¢ ‘| : aa ‘ , . : } 
init 4 ’ , . . ' pe z : 7 
x + 
, % nf r - 
: a 
é , : 
‘ ' 5 
, ood P fh € . : 
b 4 
, b y ‘ : ' 
1 f . 
- 
i . 
. : : . 
' 
. - 
. : 
' 5 © 
<i ° 
a ‘ ‘ 
« ‘ 
e. 
we 


4 as | GASES VS VAPORS. ee 690 
on Ox way gee tre i is said he Hever 


2 AL ene Be, sbiicastad imle veh (-. Scam), andl if “ Fes. - 
; - pevalivre be sht further mmevensed The Teion alsu inereases , 

q ed ne dewgar -depeseds én the Tamperaliwe alone dul alse on 
a fhe hizaunes: of the vapor when the waley disappeared , The 
 Arahew 6 now said, te be superhesled , aud tenfcrm:s tuore m 5 
ied Ta a perfect gas” 


wk ea cerlawi femperalivc, cclled the erifice] lermpera - 


Sewel Ct ba Teams and subpotimg The vessel throng eusugh 
*) yesist fhe pressure f% eowerled ints vapor _ whalever be th 
ee f the wessel aa above The ented Teen berad 


Wee sedan Jreecesennly gaseous, mw the mast « gaia 


ta a eghndey amd consequent theyease of pressure 


a... can be raised Te the value Corresponding for « sha 


gwen for water.’ For example if vepor of waler at 220° 
a Feber, end @ Tension af }O tbs. per Sqom. im, (thes is Supevhedi 


Te Pete : pede compresse ol 


7 cones 
hate. Ny Cslowdy,t © wow change of Temperalare Tempereticre ) Teli tee —— 
aases To 17.2 Ths per sq.in 5 which (see Table above ) 


vag tee, waper is saluraled | fé. sMquelachen 46 reestiang G 


es Weck ae  tonslant and some af The voher ts Vquchad 5 = 
ae geases ~ &y gases proper aoe Gaainy wader- 
* these hn Seam weil oie lagquaeteed by pressure 
aent vedschen af ee 4 3- é whose | "erhead 


BT he Some ENberwments There seems bo he veasen fs believe | 


= fer Afferent Lequids all of the liquid a the 


sense, , treapoble rqaactactior pressure alone vlhile balew ; 
+ wi Vanrpevaline qi: a peace, a hag 


Salialiors & the lemperolicre (te seach cx table — 


q ed tleawe, smee 220° is higher Than fhe Fem. which fer sat 


the press of Selaalion fora. tones ef 220° Fahy. {or wal 
eased dharing ory “Rae reduachion, ef gowame fhe doa 


a 
' 


Bees NAW OF CHARLES 6 | 


lemperaliare™ is verylow, 

436, LAW QF CRARLES (AND of GAY LUSSAC) The 
made of graduahon-of the air -thermomeler may be expressed iw 
the following formula whieh holds Good witha the ordinay Tim: 
is of experiment fer a gwen mass of any herfect 745, i 
Tension remainig conslant , 

LY = V+ 0, 00367 Vt = V, (tt 00367 bw (i 

; : : eo . 

tn whieh 28 denates the volume eccupied by The given mass at 

el powt wader fhe given pressure , V ik velume at 
al 


DOAr) ey Tem peralare t Centigrade under The Same lén- 


ats 


sion, Now 273 being the reciprocal sf 00 367 We Maly 


evs N, (273 ey 2.0. Qh = ae eae oak clot) 
oe Eee De a ee | . 
(Bee § 434) tr whiek ta x the ahsclule Jémperalare ef freezing 


poml = 273° Ahs, Cent, and ‘| the abse|. Tench, Correspondnag E 
if Cevt. E94, (2) 15 also True when 3 9 ound ute are baits exbressed 
in Fahr. degrees (from abs, zero, : course), Aecordsughwe may say 


That ,the pressure remamthg 


e same, the volume of a given 


Be s:, of gas varies directly as The ahsol. Jer peralure, 


Since The weght of the gwen wiAss al gas 18 invariable ob a 
qiwen Place on the earth's surface »we a | 
alurays “sé the eguad. rs es aes RE tay! (3) 

pressure conslant or nol 5 ue) hence (2) mory be rewntten - 
le — eee press.consl ....., le 
i - 


) f e | 
e., af the press. ts conslant , fhe heaviness (and .. dhe sheers. 


4 gravity) varies Heer Sely as dhe absolute fern eralure . 


| Exheviment also shows so 43 ae that “f the volume (and e's 
The heaviness 507-3 J yemains conslant while The lemberalire 


, : go ee 

varies , the lension p wil change actording the follow meg re - 

eae Weer a 4S Agee ; 
Jalion ym whieh Ps = The Jesassoit when the. lewajp. 6 Jreegrng ss 


~~ 


p §.'+36 LAW OF CHARLES OQ 


te 
* 


fore, 


ae se ae. ee ee ee ee ee ey 


= | the Cent. temp. 


wna, volume (er heaviness), fensiov , and emperalure sare 


a , ony a 273+E fie te 
P eres Soe ae. cae © 


ap Transformin Poked be 


A i ve), Gud 2" : " 

aw = i—— ~e ee? asa f= y 

we hase. P, 5 é heav. const, KS) 
: Z 2 lan 


or, fhe volume aud heauraess remaining conslanl, the lusian 
of a given mass varies directly as the absolule lemperalire, 


“This is called the LAW OF CHARLES Gr ef GAY LUSSAC) 
437, GENERAL FORMULAE For ANY CHANGE OF STATE 
OF A PERFECT GAS. Y any Two of the thice quaulities, 


changed the value of the Third is delerminale fron those Two 
actowding fo a relation Proved as follows : Creme mbermy thal 
ee a 2 | . henceforth The absolele lempberaluré only ; 


See 
will be used, ‘TD 543%) Fig S12 a, 
t © : At A q cevlam MASS of gas ab a Tensor sf 


® 


H | Ps sone. almosphere | ank absolute lane 


- 


4 Fig. S12q° Ns ? peg , se ee eens Vo: & 


it now he healkecl te ow cxbsal. bem) = Tt 
wilhoul shams e of Tension (expanding hehmd a piston for vinshance) 
ced YE AB volume wilt increase fe avalke V which from (2\ 


— «§ 436) wll sally). Stee ee 
4 io ae en ; 


the velohon CB im fegure) 


4 Let it now be healed withoul change ef volume fe an ab Sol.tevaf 


ae) ny [ ety 
‘ a Aci \ j 
' ‘eek OE va S 
Pann a ° 
s 


2 ay cc in figure). Tts veume is shil V, but the Tension has ns: 

ee lo o value P such that - Ee ae (&) 

‘ Comparing Bond C 5¢ (6). B, ; Ae | 
Peeing (1) omad (8) we anv for omy cle teewhich the 

a a. p ; Solas ae ececk: ahsal. temp, 3 ; ee 


pe 


GENERAL WPS = Le8e 5 or BY «a continl onl) 


rec 
es 
iy" 
se 
ie: 


i : : 2 $ 
4 y y r ah \ oN Ee. BX (10) 
GE Ni ERA 1 ‘aa \ aes eae mS mA aes a as Pe fa 


~_- 


> Ae Se 
“¢ me ey ¥ 
. ’ 


$437 LAWS OF. PERF. GASES 63 
P ashi Since | | 
GEneRAD)... Vy =Vye = Voy, = Wyn 
4s free a slate ) WE may alse 4 

ez ee : Pm ee Le fis 
- Geneea) yT a « (02); IT if'3) 
ies: ect ie ge hy IM 
3 These equations {7) Te (3) wnclus, held good for my shiz 
fa mass of omy perfect gas (most cccuvalely fer air) “The sub= 
— seipl 0 refers 4, The stale ef ene alos. lension amd freermg — 
E: Powt Temperahkue gam and 7 Te any Twe ‘stales whaky- 
= ex (wifbwe pracheal limits); 7 1s The heavmess 38 J and 394 
a ana T the absolkle lemberalure ,§ 434 _ ade 7 


425 EXAMPhES. Examble /, What cubic shace will be 
 scubred by 2 bs. of hydrogen Gas at a tension of two thinds, 
ad 1 lem peraliare of 27° Ceat.2 Wilk the snch-tb,-sec. syslem 
“were p= MA7 Ths.per sz.inch, y, = [,0056 +1725 ths 
Be ber cerb:e ip aud ie a a Als, Cat, when the gas ss al frecz- 
ae ‘poudl at ome alemes, Cre: an skzle sub-zero), Th The slalé 

— mathdned m the problem wehave Pp = 2X 147 ths. bev 49,34 | 
Bey = 273727= 300° Abs, Cent. while k *s requaved, Hence 


from eq. (12) = aX 7 14.7 sp 0182 
a 5, Sg mies ph RS Bare re tee 
we have yp 300 (.00$631725)273 7s * 


 bs.per cubin <= .0102 Tks. ber cub.{fect 3 oud ‘ef the telal weight | 
_& = Vy ‘ss te he 2 Ibs. we have (fl-lb.see) "Ve 22.012 
= 14.6 oabjet. Ans. a 7 

4 £xam Je Ve . A mass of oar onginally at 24° Cenk, arol 
— & Texsion mdicaled by a haromeFic soluwn of 4 te. af mer- 
eury, has been sirmullavecusly yeduced To half is former volume 

| Gang healed T 106° Cent . required iB Tesston m this new 
lab, whisk we aj] the stele a4 In bemy the engine) slale , 
Use the inch-Ib..sec. “ Wehase given therefore b = EO? 
= per Sqliech . eae 273+ = hg gam Ls z Aas. Cet Ska Ya. 


EXAM PLES. PERFECT GASES. a 


ie byes 2il , aud ea. 734+.106 = 373 a Abs Gs Conk, 
ve :.. 23 the Unknow & gua! ty Ae oer eq ie) Fgh 
— y 373° ia 

. ‘Sy naam i ee — q 
Po at S.A = er =o RIED =S F722 Ibs. per 
3 ti ae om, an ordinary tleam~ Gusge would indidale as 
19,92 UAT) = 32. 92 Ths. per 6q.inch . 
: ane 3. A mass of or , Py, 213 9 occupies a rigid 
: | | closed vessel Pu a ak of 15° mae: 
that of surrounding objects) aud a Tends | 
2 four abmos, f sale NL | By hor 
ing a sla}~eocle a few seconds, and Yrus 


allowing a perhon ef Phe gas to escap € 


Fg, 


ae # 513 quickly , anad then - shuitlmng st jthe LAW - 
“the air 7 we slate 72] 25 found To >. have. “afenaié of 
+ 


“Q, > alimes, (omeasuved coaseatelily 3. i lev} to CAM REL 5e 

ved immediately | fox ebviens veasons, aud 4s oe Than be- 

a compute This *temeb., sg 9 ME a the aly now Bt “os ye - 

os vm to The same Fem. as eens abiecls | a 

‘amd nole the tension ty be 2.72 almas. Call tke 
, stale +. neh. Wb. sec, The rie “glands Tus : 


- =X Bee) fa SANE | = 2.92 X V7 
4 = in = % Prmeibal he ae ane =, 
7 = ne * Abs. ; Ae = 2 Cunkeowr Sie 1 =s4 255°A Ab. e 


ae ae oS 
a = —s a vo) thot q a - P, {2) 


Ceres ee eg GEE 


439 eye ee 2G 1 - 


MO) 2 25X11 
ae ae gi Tyee a orem NRE ! PaaS me 
ee ean B87 


do - eign below joann aS a result of 7 he caddnae 


m &4, i3 


M, eee ere af = oes, t Yhe re AA OLY der, Tn base 
deny ee lads 2 mn : Slate fe Thus Yevaainder alfeced 


. 


g 43% EXAMPLES. PERFECT SASES.____86 


ee 


os o se As Pea fe : 2 2 es ee | m 
#5 heaviness (and 4 iis velumce we inverse watts } we the rales 


-. act ; 
s fsee (1) oe ae Se eed” i = RSX UAT 255 


a 


ma oN RT RXR? pa 
om the heaviness fe _ dale cca ie eq. 12. § F3T,, sai 
3 as tele _ ¥XI4.7 0607 973 _ «304 
a = ae ‘ili {47 1928S. 
is 1306 ths per eub.fl. st 4 = OX nw = 6.24% 
ye tab. ff, and ata, Since Vi= oe ax about 22 


a the exginel quent, af ary in ene has ee 
[Nele, By numersus experiments like this the law of seclmg 
a, a mats of qos %$ allowing te ud suddenly ( (es €,< +a 
Tchind & pisisn, seimg work) thas heen ddermmed: sd RE. 
sa, the ews of hokey ender sudden compression }$ « $€e & #2 
“S39 THE oe Alig aA Tho Se airs 
der be formed of a skraight Tbe df rer eylmertesi 


bere afilled wih mercury and imvetled in 4 cidlern of mercury a 
laa ey air h 2aupeg Been lefé Be 


& 
; tween fhe 7 ereury and the cep per 
we oad of tre fiche which 76 eles sed, oe 
fension of the our fs Ruown by cbsewing 
ee iis volume ee Yer berclure) rash be cud a 
+" ei fe that due {> The prea) Cols. 
: 2 oblai the lension po fs be wrens 
rea. Whe advanbae of Bad Keod of ve 
Ae 8% that ly Wetasure Great Tew - 
ae Stonis Le need web be very Acasa 
Ry. SI Fg, ae “Let the lenin és of f wincle 3 wah 
Tent gone It Ae feusen P, of the &iy OF que m, 
“ihe cistern < observed wher the mm er cury ye The lube e landsat 
SAaAwve 2 evel AS Thed in The, astern. T tine Vexsien sf Ke Gur 
nm the Tere, mal alse be f Pas ae #s Temp. J, 5 and tla wokame 


er 
Rehmenne Pe samo my 


ur. 


J. > « 5 - Pe 
ow hy SD A “ee eee ee ee ee eee ae ee ee eee ee ee ey 


5439 CLOSED AIR MANOMETER 66 


me is A = Pat. ‘@ being the sectional avea af the bove sf the 
3 tebe; S¢e fies Gas of uulknown Jenson Po beme Gd mits 
. eA te Ihe cislerny the Fempervalire of the whele inslrument being | 

oo the Beahl h aud be" ave chserved (he h" does nob 


~ Pf . untess the . *% vevy large) Gund Pp Compu! ed. as fo). 


ows b= Sy ere eee 
in nanaet p= = the oan : i our mn the Tube , ancl Ve the heav- 
ines ef th But from eq. (0) g 437 , pullnicg ve Fh. 
cand W= Fh a a Me ere ae E(x 3 (2) 


| Ge A chee ee. 
ices finally ae. (3) 
) frome (1) and (2) P= h'y ee a r LS Ae : 
} Smee 1. ine. * aud h, Are a constants fey each wsirn reel 
we MAG from 3), combule iu fev any ohierved values of kh 
E ound T. (m8. T aud Ag ave oabsolule lemperalisres) , aud ton. 
4 struct G@ seyes of lables each of which shall give values of 
a p for any values of io aud owe sbetial value of T, 

Se cent é. Subpesing the tixed constants ef a closed air 
q manameler te be (sis anch Ib. sec. sy.) A= 14.7 (or one. 
4 cimosphere) , ee = 2¢5° Abs. Cent. Cite. 12° Cert.) pesca 
7 5 he = 3 4" 40 tmches ¢ vequived the tension tn the cistern 
q indicated by AU = AS sores aud h= /S inches py wher fhe 
Jag ‘Ss —3° Ceut , er es 270° Abs, Ceul . For. sae 
z [e4s.7~ wae] (3 374) Ghoush sfreclly YE shoud? 
@ a Eecialy ae aa for the temperature , suace tk varies about 
a 2: fovor of itself tor each Cent, degree), Hence 54.3, 
pe SAST , 40222 X14 7~ 12.264 3113= 49.37 
= ‘ths. bev $4: rtach , or nearly 34 a Oras 1 bape be would read. 34 7\ 
m +40. MARIOTTE"S LAW, (Gr Boyle's.) TEMPERATURE 
— CONSTANT, 1.e., LS OTHERMAL CRANGE . TY a mass of 
4 Be eitis sesta , oY allowed ie ‘expand , sother mally ght 


= 
Hf hero MARIOTTE'S a Ss an eile. 


» wilhout: chan é of temp evalure E praclically This can not he cone 
unless ihe walls of the vessel are con duelars of heat and then jhe 
— rwohow must be slow) eq. 0) of 58 437 now beomes (since'T, =.) 
BA MARIO TFE'S. et Vp = Vb , ween = Vn -wise tl) 
a Temp. conslant a an B Y. 

E ie., the lems pevalare remaining unchanged 5 tre lensiovis ave — 
inversely preportional bo the volumes, of a gwen mass of ~~ 
perfect ga$.5 or, The product of velume stage is 2 com- 
. sant quanhly . Agam., since Vet = 

eet Ss TS Ten. ox, Pm Aa (Q) 
eo OR Pn a ee 
Bie. fhe Whe he oy lensions) are directly properlenal i the (fers 
power of the heavinesses , if the lencp, is the same. — 

.. This law which is very closely {allowed by alt the perfect qases 
; was discovered by Boyle im tugland ond Mariolle m France move 
than Two hundred Years age , bub of course iS avly a partlieulay ease 
af the genered formula for any ¢ o{ stale, ih $437. Tk may 
i. be vernfied experrmenially in several ways. Eig, mw 
‘coe eaal Feq. S14:, the Tube OM being elesed ob the Top while 
es E sy PN is oben vel merery he poured wm at P uvhl st 

; 7 reaches The level A' B, The ay in OA' is new al 

3 a Tension o{ one atmosbhere. Let more mercury 


 . it d ; : ‘ 
Be le he Slowly -% poured we at P junk the Kia Ebi 


“ # . ya 
n Vn PB ae Any CASE, 


A ‘3 - {ined m O has heen comp essed fo avolume? 
aH EA OA"= % of OA', and the heaght BE “ meas- 
Ss é aa ¢ ured § it wit be found lo Le 30 aches becthe 
i= Vension of tha aw fu O gs now we dlmespheres 
ate > a | (covvesbouding Te 60 ime of mereury )_ Agam , 
_ compress fhe ayvm O fF, %3 VE origivad volume (when al ond 
_ dhimos,), hes te vol. OA™ = 4 GA. aud the Mercury heeght 
oor" wit ys 3 60 inches ‘ showing a lenswn of thvee at- 
mes. we The ay at O ‘a FO inclees sf mevenry i" a baromdler) 


— § 440 _ EXAMPLES, MARIOTTE’S LAW 68 
TH is underside that Phe lempevodinye 16 The sam£,7.e., Thattime 

Ws give The compressed air fe acquire the Temberalure of Sur 

* ds exyects of lex beng healed by The compresste nif sudden, 

Exaryple f. H & Mass of compressed ate exbaud s ha, a oY 

Heder behind o pision , having alension of 60 Ths. ‘per 89, nor 
(4553 by sleawe raunge at Yre heginang 3 Yae expansion, whiek 
te Supposed slow (thet The Jevspevalire ween not AY), them 
then vb has doubled ue valunce Ve Tension wit be only 30 Ths. 54,00 


he ee at tripled peice PAs a a wn mnt IO hae 
(Not E. ‘The law of detrense of sleam ‘pressure <A alee 

A sme eylinder , of ey the, pislen has passed the point of “rut - 

ft! ™ does riot materially differ from Mariah's law , whichis 

offen applied to the care of exbowds seams see 3 443] 

Example 2. Pring Ben, Fig. $16. YU the eylndri - 

PS tige hie. % cal dares bat AB is 10 ff. in height sf 

; what depth A = @ : of salt waler, can A: 
be et down te The better | without allowing 
— the waler fo vise in the BA rwre Than @ 

ee = H.C Tre horiz, sedional a- 

“ . yea ,F, the mass ef piv iv the belt be- 


. =. 


. 

as) es |e 
Rs es , 
~—° 3 


= iO 
— : ae : consiant , ab. “a constant Tancperakinc 
Ube Spates First, algebraically 5 ot The Sur{ace 


ee Me 4 Bag mass ary occupied xudune SEPA 
Faq, * SE hates B= TE the. persed. 
while ab The Aebth mevdioned rt os compressed to a velumée 

| V2 FC ha) and 16 at a lension ae. Pat(h-2)K, 
te which ro heavy. of salt waler . ewe 5 from =q GQ) > 


P m F ht | Pn + ha) ful F(htta); we i Ae 5 Pn | 


and numerically jf 5 le. Sey { (4 ie a) fe i 


; z 147 X 1GAL oe - 
ie eet fee ee ae eS. be of 
h ; — mY oe i i (40.- \X6 hi * =. 4 6.02 feet. 


‘ ‘ a 
. £ 0 - 
F 
‘ 
i, Ce 
. 
. . 
. . 
, 
' * 
. 
° .: . 
. , 
i 
5 * 
‘ 
. 
: 
\ 
. 
° 
. 
- . 


BAROMETRIC LEVELING EVELING ‘67 


; ari BAROMETRIC LEVELLING. By measurme 
j it a bareméler the Tensiovt ef Ye cles phere at (ane | 

4 ends pa stmttancoitiy , ema on & Kl aay . the Two localities wit be- a 
jay Too dav vernoved horigerttaliy we may combule There verlizal ; 
 Qalarct apart | if The tenberatire of the shaline of aw belween 

Brom i nob the same ov n so, ot loth slelions. 

Soe Tre Theawiiness The eur }< “daffere in “dafferent loogevs of" the 


s ie ee Da x = see. we can nad temmedialely vegara the dake * 
. och i a 2 gutha edummn as a free body Cas was done 
ge ra : | ae | welth aliquid . § 397), oud coe consadey 

a hag it b & herjzoulal: Maur, Nenitins a= | Hmeloness 
g oe © i Pete = Az owd of Beare 2 (vor amie) be- 
es Yow M ,the level atthe upper pate 
oz 4 Whe ues Jevel ab a distance aN , from 


ae “The PONG fae a wncrease foe A 


% 


J 
ee SP / downwards since Tne lewev lominae howe 
a support qrealex w ts af air aheve Them gard ,ihe lempera- 
tame beng hy polhehcal the Same m all laminae, the heew: - 
ness, F, mast also tntrease J propertionally te + Ps cree Ni down- 
wards, Let the fensin and heawmess of the air of the ubper base 
od fhe lawma she be b and y_ Teshecwely. Gk the lower hase, 
; ae dislance Az elena te ce the Ten ston 4s p + 4p. Tt ke | 
aren of the base of lomma be F; then the vevteal forces act - 
‘2 a en The lamina ove Fp. Bee teode: Ais weight y Faz dew - 


: word =e F ( p+4p) upward . For te equi. % (vert. combens) 
must & 


al * "F (p+dp)- Fp- Fydz= GO, fe. dp = paz “ange Lay 
| 4 BS hich coviluns thvee variables. But fron Maréites law hyo 
iy Pn fond. Vn refer To the Air at N , we mia gubeshlute “f) 
Omg chisin | after divadiag hey Ps fo separate the variable ¢ 
oud Z, ; 
a % | Se ‘ a —R- & fare are ee af 2) 
Suasuminag cae i ihe oe 


h, 


BAROMETRIC LEVEMING. 76 


“e ome mereach RW SRG “betwen M(uhoe p= p,, nd 200) | 
andl cf re P® Ay, ie Za ne we hreue ; 


az ; 4. \ = ; 
’ a rh re lee (ee la) 
4 Yo ve a3 & i - 


Baud 5 4 jhe as a Level | Or elude helween mM 
and N. te 1S ens of ‘the observed Wccioe P.. Awa Pe. 5 ana of ee 


the eines af the our: -Aalaiiety , which me be combulsd 
eq, (12) 3 A subshlubig from | whieh we heave finaly 


.. . Pp Br ; ae whieh Yre Sub< | 
¢ { te + e ae: 515 | wane (FH) a renbi © vejers : 
= freer ‘bomb Aet. 
q gad alnos. aon ; rae Gud Ji are atlese). Temps, ere The vas 
i ie Pe ae we may my bot Tre oe vale h. th at the active! 
 hevometne nasa hts ae measuve The Tensions : The log, 
q (ev Naber | ev naluval , ey hyperboke leq.) = Conmen leg. eo 

3 base is) x 2.30256. From & 314t , : ol av = 6.0Se76b 
Wa. per suealactl ond b= 14,701 dbs. i £9, imeh 5 7 x a7 
FE the Temp, of the Wwe slalions (beth in ihe shade) one nop 
. x: arnean Tenep. = ar, +7 =) may be used jer a. a ef 

(AY , fer appre wesulfs. £9.44) may Then be wrefien 


q uy. see. system)... 1, = iii ag |e Pr -f Le 


moe 
ET he weak i“ = 26213. ft. » jst ron Lo - 
a siiluted , | re called the height of the homogeneous almnes- 
E me, a ideal height which the alimecbheve weulel have, 
as incompresssble and non-expansive like aliquid, tn order e 
 éxewl & pressure of 4. or The. per sq. inch “apor. its base eee 
a af a conslendt heaviness = .O¢074 Ibs. ber ak Aodk . 
gern pees of me (F) wemay also wrile 


aia, whee 6 = | 


ihe oberon es Ro" 


a ( reused i. the hewier 
Bata by 0 the “ch siract pumiser an 5 Tae he 
> : 


— BY4l Baron. .evel’G. ADIABATIC LAW | 
la Aam/ple. Raving observed as {ollews 3 (irervaltom cou sly } | 
Ae ower stal 5 Ni A = 24.854 an, TereHeTe 5 temp. Ce 77.6 Fahy. 


y's tac yea 
required Bre altilude hh. From these figures we have A meen 
ie #ei°+ 5 (17.64 70.4) == 53§ “Abs. Fale. 
Er g35 a eet 
 . —. cies $B X log, | 39.85 
Mt Guanaruate in Mexico, by Baron Von Hambslat>) SFr we 
——- gheuld Jake ‘nto account the latitude of The place since br, Verses will 

q (222 $16) omd also the decrease nthe intensity, af grantalicr, a5 

we preceed Juvther tvam The earths fenlve, - 

442. ADIASATIC CHANGE, POISSON'S LAW, By on 

adtabelié change of slale on the'park of a.gas, % meant @ sor 
5 essiove oy ex amston in which werk ic done ubew the qas fin com- 
; pressing it) ex by The Bas (i exbandms inst a veerslancé ) 
when there is 0 Jransmissién of heat hdween the 205 and 
: . enclose; vessel ,or Surrounding ebjeels PY conduclien ey radiclion, 
= This OCEANS wher the velume changes m & vessel ef nen ntonduel - 
a ing malenal or when fhe corm bression or expan sien Tokes $2 pussth= 
a dy Fred There is no Tine for Transmssion o{ heal To ex trom Thegas. 
Z, ~ The exberimenta) fads are that if a mass of GAS th & cylinder 
‘ ke suddenly compressed fy oa suialley uclume ik lavcbevalire iS 
“raaved amd Tension weveased more Than the chasze ef volume 
would cull tor by Mawiolle’s Law ; and vice Versa aif & gas 
ak Thigh Tensien is ollewed To expand ta a cylinder and dewe a 
 Pislen agounst a yesrslance. i Yemperaluve falls jond ily leusion 4i- 
—tnanishes Wave wabidly Than by Variclle’s Law. | 
Again, (see Example 3 § 436), if re of the gas @ 
gid vessel , oniginaily al *f alos, lension and teb.of 1S ° Corby 
ay alewed te aseabe sucidenly Theo’ a slbp-cochk infe the culer ar 
the vemaiwier while fmereasikg 1% volume wrthe oale 1062 73 
a jound Is have eosied fo =- 27° Cenbe, ond: lg Tension fo 


3442 = ADJABATIC CHANGE 72 

j “hove fatten To 2.9 Aimes.3 Leryereas by Mornetie's Yaw uf tne 
| jempevalure had been kept at 2%6 ° Als. Cent. the Jenson wed 
hae bem lowered DE of 4x 2-92 alinos,, only. 

The reason for this cooling pase Sudden expansion, 14 ac- 
coreg Te the Kinelis Theory ef Gases , that smee The” tis 
eal” (es. percewed by ihe Rcncnecec) ov “hotness” of a gas 
depends on the ao af it incessaril ley moomg molecules ah. 
WAKA, amd thal each rmolecile af ler sinpacl unl a receding e- 
Ton has @ Yess veloaliy than befere the lémperaliizre mee os 3ar1- 
Ay falls , aud Vict weysa when an advancing p n3lan tome - 
| cpeeers The gas mio a Salley volunre. | 
YY Showever, amass af gas expands without ding work, as 
. Bich yim @ oess@ af Ton chambers ene a ereuum, the other ful 

out, ae je opensd Aiimeen ‘hem , aad the are aliew- 
“ks Yo fa eth chambers , mo ea a % uakad rm The mass, 25 
a whole. “es 
By experunents similar be thal in Exombic 3 , 3 #36, it has 
Pioccn found: thal fer Qty amd ihe * perfect $eS° tn an Mais: 

— change of uslume onad (0's o{ heaviness fhe Tension vanes di- | 

.. as the 1.41 power of the heaviness) and oh thuerte- 

os the came power of the volume. This %s cies Poisson's 
; w. Fer erdmary purposes (as Weisbach Suggesdls)) we mary 
Fase Be mslead ef 1.4 oq ea pagar 2 


ay Pn ite eee 
S CHANGE Le oe ca eeee VU 


m 


end _stombunng a wilh x general e95. 10 and 5S of § 437, 


| ASIABAT. : ee 7 ( oy E ar 
CHANGE =) Hae eet per ae Pani se 
tANG 3 > | aes 


ce Mr ee ee af >@ 


_ ARIABAT, the) a ie 
_ CHANGE -% a n= (Ce) sae = the 2) cee) 8) 


&§ AR ABAT. CHANGE, EXAMPLES, 
"Tis the absolute lemperalure, 
- Example /. Ov ma eylimder at 20° Sond io: <uilde 
4 tompressed te % qs engivicl eolum € (ana o. 6 stxmes 
— aedemee fc. has sex Yomes the heaviness, as befeve) Te whab len. 
st. i tae gt ott 
deubie the absol. Tern p- ef pas ae , 
| tes 2. Aller the air m Erompble |, has been Quen 
Lime te cook agam te 20° Cent. (temb. of Surroundmg abiyects) 
—6t is allowed to sesumre , Meddenly tt first yolume , ‘2. Te 3 ee 
 tyease ils volume sixfold by exporad ing behwnd zm helen: fo 
; B what Temp hastt soe. = Here TL = 293° Ake. C., the 
ze: Paho a oe es % ond xa 1s required ae from (3) 
a as Y te T= 273 4d6 = 19.8 Abs Cob. or 
2 = Pires ope 54° Cent, sindrealing extreme €cld . 
Dr. These Pwe exownples the principle f one kmd sf ice- 
4 naxing abparalus is v evident. As i the wosk necessary 
1 ong the aly in Gpomble | see 3 447. This also 
¥ Fi dent why molers wsing compress si aty expoussively have 
tf encounter jhe diffeullyy of frozen walery vapor (bresentin 
The aly bh some extent) 
¢ Ex ample 59 What, % the Tension of The aw su Cypamable 7 
— Guddenly re Te k ils enguaal volume ) immediately 


oo the von = Vre ae Vexsjon was one alwes ? 
Thais, wil ae Vo= 26 jand Pm = th] Tbs. peo 
$a, inek i Pa? 4 
2 


aren - KT X 6 2 = 14. 7,]zG = 216 

Be tbs, } per $4. iach , whereas if , afl Beil ibabeines aud without 
5 change ot ce it cools Again ms. 26° Ce; the lessicn: 
ni HIX6 = = SE.2 ths. per 39, mech. C new using 
oe $ Yow.) . 


EXPANDING STEAM. . 74. 

Jp 3. WORK OF EXPANDING STEAM FoOkLLowing 
AROTTE’ S LAW. hoch GAS dond m general follow 

7 [Manse jaw ta cxzbandmg_ behead o pisian (wither ee bee - 


5 


ye én for Stapphy inca heal) Yt is found tral > ihe 

: poe “i galuvaled steam (he. soturaled af the begninng at the 

ax pp mer) am a sleam engine eylinder hem left b ex pared of 

4 + y the pis lon has passed The pomt rit waka off : dimin: ‘shes 

4 very ne hg ™ SEtlordamee wilh Mariottes law, which BMoLy eo 

; Toe apples am fa,s case lb find the work done bits stroke. 

¥| : ae Jn | Pea, Si, 4 hergonled sleawn cybmder 
iS okey in whieh the piston 1 

R making Wis eft B Pe right, shrek, 

Bo The back. agen iS Cen’ 

gt i stant ond = Ff , Fbe- 

1g The anew Pee ind - 

fon ormd the inidasd 


Gs C. per unit area) sj lhe 
hacke ov chaust-pretar 


is -* 9" 

F. oe cole the foreword 

1g es 2 ure on the left face of he 
Ca : bislon = Fb, ie tne 


ae ee RET ay pi is the ee: 
; ~ Fig . $78 er unit orea on the Vt, 
a in | 13 different at different gis the slvoke . While the 
Ss alin: NS passing from O" te D "op iS Conslend bemsg = P, 
- The kcilex pressure 4. sunce The sleam bowl is shi) ober. 
— - Belween, D" ond C" however, the steam beng cul aff of 
Bent" Awlance & from OO" b decreases wilh Mawisites law 
\ | Guaerly), and il value is (Fa =i Fx ) P; al any per 6% 
" MD Bet eX ee the dislaxce i bne bared from . 
3 Above the aaa gence 7& 4 he drrcnsass B&B diaarraces i 
BE awhadh Sara Asas GX 3 3% i Ts We euhmder ~ eats 7 OY Cita ALe 
Bis “| fe thse some . wince O16 wer lecailey umove tre left-hand 


u] 


EXPANDING STEAM. 7 
apinder . As ¢ he inser reses let The value of P 
o a lo each af ye posilions he loud of f b Seale im 
cs i Be eedinicly above the piston as an ovdinale frety 
The axis XK, Moke OD =< 9 hy the same Seale and draw 
he deoulal DV'C% ‘Then the effectwe work done on . ox. 
. while % meves thro’ own'y ee dislance WX 

pes force X space = F(p-9 ) ax ; and is eeectned 


, ered. st The shxp KS Laie wadth vs 
= oT p= 73} * Tse the. thfeciwe warlg of ene Shrolte 
Kel xx? 


SS UAW co Bhat alae . 


a 


graphically by Ihe area AARBCR A’ 
ele Pi ss constant ond =P, s@bile G5 con-— 
F alt pointe) | and K varies from 9 & @, 


Pay = FC b- °) Ax ogee F(A 7) to) 


The presctine vredlomgle A'A DD! 
ar. " C 3 14 vaviahle omd hy oe etieae Par 


Ww an (p~a)ax = Flor, ('e = tafe] 
4 oh 9d - 90-9 |< Fp si oe 
he, werk Pension. add- .{ ip 

which Te thal. jaan as ei 


ee ae 


o te pind per may ark lime , he. the POWER, $ 


aks be cabled Fax wie of entrances, ond 4s. nepresent- 


- Ons Beexe: . ., i the bees 4S ole 


= 2 n We a Fap Lowey Fol | 


you oF STEAM E ENGINES | ~% 


ExampleiA becitecaivs sléam enqine makes 126 revs - 
o as si minule | fre belle } pressure ts 440 tbs. by the « Gauge” 
= 4Oo+ Vy. 7= 3&7 Yes. per $9. mek), the piston a 
ve Fe 12go $@. wm. 5 ihe length, ef shoke t= 16 im, .,the 
> a an ae.. cul off at “Vy eke Clas 4m, aed 
= 4. 00) omd the exhaust pressure Corres powds ne a va- 
Ps. ef §$ mches C by which 16 meant thal lhe pressure of 
the echaust sleam will balawe 3 th. of mercury , wheel 
eo S = of MP? = R.4S ths per 39. mach). Requived 
ze he werkt be sivoke SW, Gnd ihe correspond mg power ow. 
“his , Ym 2. 302 X. 60206 


Yy 


4 Smeelrcas ¥ jwe 


ras 66 » ond from eq. (4) ary ‘foot . 2b, see.) 
W= (200, S47). 4.1 2.366 ‘ae 
Tee ia t)-5-|2-366 i usXrw) 4 


= 5165.66 ~ 3972.0 = 4773, 666 Aeutee 
~ ee the power al 2 vev, per see. = 1 (24. Ss*) ee 
= 2X2X 4973,67 = (7095.8 fi. tbs per Second, 


d hence is ‘herse- “powers . whieh mL fa. Yb. see, syste, - h+s50 
= 1909S. ~~ $50 = 34.9 KP. 


be xample 2. Required the weight of sleam consumed per 
second by the above engine vewdk Giueh. dale : , OrSSummag wilh 


‘Weisbach Thal the heaviness af gattaratid: sleavs of, adel. 


nite. a (onnd a corresponding leaperalive | § 435°) Sie 
Bout Vg of Thal af aty ot the same es Ored lenad, 


(Thebes ef ear at $4.7 lbs. ber $4. iu. leresion aud : 
caer. Fohe. (See lable g +35) weuld be, from €9(12) 


cy: oft.. “y= fete LP _ 0607X473 | 54.7 
314 Reco S 
ae ea 116 le Q87 PAT | 
= 4196 Tbs. ly’ cult 5 Sf of which t¢ 0.1237 Tesedgi 
a w the volume / ties ‘heaviness admitied ah the hoil- 


ee a ee a I Ng 


ae aS ‘ ? » 
Bees STEAM. GRAPHIC REPK. AIR, ‘PR 


rz Toate « 
we eres — 


Bpimbench stroke is Vx Fac (28.1 = 0.2977 cbt 
and Thence fhe weight «| 9 Nc a 
= used per Setond x2 ux, 2927 X9.1237 = 0,137% Ibs, 
Hence “per hour, 4.137% 3600 = 494.6 rhs. of feed-wa- 
er are needed fer the bolet . ) 
im For devitsiion, ror The above theory dith Sos dere aed 
, water mised wot. the sleaw ae sbeeial works | 
a GRAPHIC REPRESENTATION OF ANY SHANGE 
oF STATE OF A CONFINED MASS oF GAS, The curve 
of 4. wdjor AB in, Fig - Sif {> ain equilaleva! lsd be aka. 
te n4eS 2 a and bemg i ws asymptote. if EO ws Dressed aw 
were used mslead of gleam {5 expansion Siawice Weeaie he the 
Same. “if uG Temberaliare could be kept fro we falls; dtarin: e The 
e expansions ( oy. An ecling Tot waey Shray e.g.) and Then fal 
Lewin:  Niaxiotie’s sae would have os forth Seat , {4 Beo) 
7 We Conslaxt he. bF x= const, i me pe= constant , 
whack § is the 2G i oe Typerbele., A beng t tne ovdimale raed x 
q ne. abscissa. This eure (Gealeng welhe “ perfect Gas | Ys also 
eed Ban iscthermal , The x and Y toorcan clas ae port 


+ 4 Propertonal hk the walimeée enrad Tens ion, tS bee ely, O° 


2 


Nenee, 1% general, if A Mass of sas be cortimedd | im Arg= 


2 4 gd Sa inder of cr, section F (ares), brevided 
oy - \s with an air: -Raht piston , Fig. 539. ils vel- 
: ms ard FX, 1s bre pale te we aes 
. o. bisa: OD =s xX (of the Pision 4 drome 
. Ee ssl sell, YRe closed end of 
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WA, Q = ae ~ em we ee ae = aS Negbahas: 
while the Sethe of flow a. : = G = Qy as -42) 


ee eee a ee a I ro c ae —— te 
7 foe ~ 3 te Vas a §¥ (Bik, ES arp fais cit ame. Ce < 
me", ; eee pea fake treet Pe yt PRLaot Rie, Five the ~ wee S iy tet. : £3, 3G 
ae E 2 ’ § . 3 : 
Se mm cet: < a a Fs iss at 
ee ike same volume Sj} water Ger camel at lime tice SE be Pash. 
us ae g 


Tl nade grees ~ gechiow. Le fag, sede e eet Faas is ezud te 
 wolume of a prev 6) over howe , F the area of the Se. 
hen eg abase cud. . ae au, axl! ne tude , ke mean velocii, 7 
Ath whedle fhe Neat pahee pass Terengh the sediov: i 
Hence for all scelintes we have 7 E@. oc 


3 WUTyY J 
as hae the secbeeripls refer Te dtverent sections . yf The flow 
toa ¢ Unsteady |! 9. i if ae BC were stwleme , Bus would 
for a defmilé tnslanl of time ; bub whee 
see Mal vb is bermonenlly Frue  &¢. thal F “= eB Ve 
oun instant subsequent sy ViouS , Tn olher eae > a 
adr flow fhe oy 2 a gwen Seclion Temmatas tan - 
eat ed euith lap sé ¥ lime. i We here assame for 
es piel ccikyy Theat ru dtferend pal icles of wedey perssmeg Sun. 
couskey She! c queers fachov we & breast of each other 
the some A ane aS another Gin, ore mers 
a al abrir Reles wal assume on sae S 
" Tree hs 5 barhecles ob The sides apnieeye <! 
shed ‘by frechion oe surface of the pibe. This assumphion 
Ned Tre. assunflion af Parallel Flaw , er Flow it 
lane Layers | or Lamimnaled Flow.| 
ouapane thew, measured Q, We mony , by | Ronny the 
. of the iwlémel seclions ot the different bark 3 he. 
8 i ,N,, te- oererce the velocities We Qa 


= @-+ ae 4 ele., whack the waley must Yai; xe, oe oe 


these ae respeciwely . Tei is i, aS geen thal ee VE 
aL $ eda, TAs Ko divect, SownReel: eu wrelia Tre 
L or debi, of The sechou froma the plane BC sf Ire 
z ; ms 
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ine v yee eed t- Asati = 
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S449 STEADY FLOWOFANMG@UIDE Fi 
the VELOCITY HEAD, for aaeasenen e. 

Next, as Ts the value ae the “migra! flurd pressure, BD, 
¥ ce APES. , es fre wal ey Ws elf rad against the | eee 
Surface of The Pe) oh, different secliens of the Ppe - Tf the 
| tnd N, of The pe were slapped | | The problene would | be ohne 
ae aud The pressare cazcsinast Re side of the p»pe 
(alse ot N. al same lewel ) would be Srmapley 


= rs peeosured by a cole of wratey of & heght 
a Px hy 2 whack 2 = one haat 
t > 


oe 34 .. hatght oj 
‘ @aa den} waley barometer 3h 
-= 62 o Vas. ber cub, feot 5 Doe This would be Shawn x~ 
peremeniadty by screwing ale The side af the. Pibe et N 
c-? small tube hen at both ends : The avedey would VISE te i 
te the level BC. Thetis ocala xf waley ef heght = A 
4 eoula be suslamed in it week indicales Tred The mlernal 
| “pressure a NY eetesbonds 7 onn ident watley coli 1 of 
1 necght os Ba! . = bah, But when the SFecaday flow 
z oa is proceedings, The ease bemq new ene of 
“namics. we {md The eoluun of waler suslamed 
4 a rest im The syall tube —. an oper piezomeler) 
7 AS eas ce he: ght aés$ than h > and hence the 
| “ey fludd ae is fess than w% was wher there 
3 as ne flaw, This ee bewg P, 3 The Need walter ¢al- 
ewan YMNLASED wd 13 are: Ba oe } 
B. of ear. L— = b+y, | es 
= ob N , ond wit be called The PRESSURE HEA 
GS Ne peters Similarly ak any oliney sechion} We — find 
Heb while The flaw 15 sleady ihe biezawseler heaght me | 
Gad s*, aise the aoe heed , = by, ) Tene see 
hang edt wisth . lab se Tye. ; 
AY N, althioicgl at the same level as Ni, » we fod, 


om sisting & lero meler A thet with ae. = F (aud 


, i Be +h, od bth 


POU 
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oe 


o with V2 =U, ) 9, tS 
i . + . at i; — z 
($e Prat Us > ae ne 4S - not es ioe Ina ye 


3 * WW 
bub the difference % greatey tham bejore, — We have 
F é ‘aa found axpernecenia}ly fhe, xh. a. 4 cuerv] when wale: 
is Plowing tw wbebe i presses ies ag othest é pope ond 
tke Frewsverse lansinae of The waler exerT less pressure ~- 
spaslh tack off ey 3 To gare at vest . ea 
: aU the porieers Hi NO of the pipe we {mad the bressure 
Tess Thom ene ed woshhere ; aud consecuaen Wy % mosorreley 
riqlermnay pressures frome ZOO i Bee + aad yreol Sibley 
the CXLESS ahove one dhmos. (as wrth Shean ~ aug ¢ pod 
_ else witk tae eben nezomeler post Real evi ed} west be-en- 
Poyed. , Ak Ni, € 9. we. fread fhe rts 3s. Ts 3 alos, . 
ee - Fa = '? feet 2 Even below the tevel BC Py 
meet ge : miclemng the sechous quale ner- 
raw (08 eousequen ily the veloci fies grect ) fre pressure 
‘nea WE made less Via. one Glyscs, Ak the Surface BC 
the ‘pressure ts a eouers< past one ale<os winle Wrab oe the 
jet ots N,, enter nig The somali Tank under waley ts. neces- 


Sovvelyy ' os one alunos, + press. die fp column Bf te. 


Py = Pressure head et S, = by ti 3 (whereas f Ne 
i Wee xe slapped by ee dicphrogm , the pressure jes om 
the reaht of ie diaphragm would be Py thy od om 
ihe yes Pp, +43 r:) . Siuilenly when a jet exters The 
: atmosbhere sh oy. peredjel fiteons ents 3K berficles Br ine 
dex H pressure of oe alwass, ‘4.2 thew pressure- head = 
fa) oY feet, for the aw pa mradsataly creund the jel yey 
8 ‘ae C4 vt Sid ered OOS a ype belnueen ikecs anal Tre. “ve an 
z 4 is exerted, Cr press. of 1t7 yh, per 34, inch. : 
7 £50 RECAPITULATION ano EXAMPLES. We 


. “have found exberim eniatly : then , that iM a slee . 
| lkqaetd through a noid pipe there is at exch seciwn of 
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5 2 ae iad shee a Eat tee 
: —_—— seo c ". a a fl J 3 4 SLA d rs - 5 ie Se oF ot ra 
5 ad her ay ae 2 a ia} e Hi Pa . ms . 3 a 2 ae re, big a! 4 a3 ae i> 
ames ar ee i bress : nae ‘ : - ; * = 
& gt Pay 2 2 wt 24 < la yte «O54: ine. 
the pipe @ eley eniric. WeIOoe nets 4. One PES sare ¥ - ei € 
4 : "ee 
ol ae. See ;7 ig Mtr 


Weert akcles BESUMS SH ~eanh ruse, 
werds ab each seclion of She pipe =A quid oy an 
wre vena eons tome wilt ta Ose farvs- 

Sa 2e Flowlanuomng eco wre 


e. xayr ple J. Hw Fig. $23. 
jibe wound of waler flowesg gor oevetemddS 16 fours 


ie mmamenvemont to be 154 ceive feel The volume pes Som 
and is 9%) SH 7 | Q=x fe = 6. Net cub fi. Dey See, 
ae iro 
Frample 2. If the flow» 2 mm Losec: 386.4 


Te | : 

valunort oi Flow bev sec. § fou See. éo ¢_{3) aned ( 5 4 
wz G 
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- 386.4 1. = 0.044 cob fiper 
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ss Z 
OS 5 ia atte 


a aes : ey Phe: height oH Fre chen So 
ler ob N, 7 + = ¥ feet 5 « wrat 5 the inlernead Es 
wwe ob nN a ‘pan SEL.) ae rrlerwend pressere ts 

-¥- } pecs ~s % i, 
p= pt it - ee = Se # pevsy. 


The kde be af <qurse Gwe 
almaesprer’, Se An me YES Yr huorstineg presmare ot Yat 


“baent CN, y 5S 2.9 5. per see a ie | 
Example 4 —o ees ¢ 3) [ Flow : bev See. beng OuLy 


piel. te O85 we Ex, % As neque: 3 tne oe at rs meee vebere 


ihe cacy S ‘wo mmches (K. Fo Sec), 
gnc a Ler ot otedp | = 9. OF fi- pey Second : neal hile 


= i—— = sr 
J ie (ay oh ancfiver secon of the bps 
where the dune, = teches aud For w 
foer Yarves ans greai , The velet. = 7) of ZCA= OSES Hrg 
431. BERNOUL)! 1"S THEGREM FOR STEADY 
FLOW; wilheul ficken. 4 the prbe 1S com paralecly 
therh _withestL epulsen.| be ends) elbows , or abru ibe nL 
gross: Boctak, the efrect of fre heowe of i. € le GA? tee eR b avisel 2 aaa 


gamst | ie Sides at Yne bike snd agaast ecick other ‘€ as whe 


AM 


re 
wy +o 
» - 


§ 451 BERNOULLYS THEOREM CL 
ddies axe produced , deslurbing the paral! eter e735 
fraall and wil be neglecied ta The present ances +e pase 
dhiel chjed is be establish a formule fey sieady Flew Her 
‘a. shart bbe aud thre’ orifees . a 
2A exgsuunapliens Pew Yo he made of f low Po’ preme boty ev 
or lawmet ay te the pipe 's ake «@6 eve port may be 
457Ba: Ali the quid parheles 
whack ob avy mstant forms a sonc!| 
lowenc. as ABT Ye pipe's ans, 
Keep. company as o lennna throug. 
oud. the whale flew. The thickuess 
ds” of This lamina remams ton- 
dari 0 leng cs the pipe is of on- 
: ae is gslaul ev0ss~sealion , bud shortens ee 
Fy. 523.4 ee (¢-9. ok C on passing thro. . 4 
Sechon and lenglhens: out. (e g, at D) cm « part of the pipe : 
: 35 shecaiter | Tle mass of Suck 
eee fds p tg (5 55‘), ih vdenty hoger : 
hen 6 V (perlamng & “tral port ef the pehe’s asies ), the press i 
| of the ‘Lamineds pou behind Fh “per iS year fore, : 
The rpeses Vance (ot Zawmit instent ) met frome hs meiqhber % 
st ahead & FF ptdp) wit front face sake ls weight 
tre verbeat force Feds}. Fig, S24 shows as @ : 
free ‘boa Pot. oleh OF 7 
any iw % passng a pert A, ; . 
of the bpes axis, where the ve 
Jocily mH Vand pressure | ae 
| Nole welt the forces acling; the 
- F(bsap) presseres of ine pepe om the edees 


; 55 z 3 4 
of the lamina have %o compo 


thus slaled 5 sec Fig. 
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rey Gi linest Bick, St ae toms, accelevatacin Kds WW) 

miniers cal poinb. viz, as | 

wc whieh Gls =x a smell besiion ef the balk. omel as described ™ 
the hme di. Now the Yo aay aces) = lang, combo nents et ihe 

a forces adiag bess a abe WA, ak, 

ie Coeab) + Fyes coe 8 (8) 

pas aed 

G25, ac pane instant. of lime, conceive The vol- 

VAs on waley i thre ag fe be sub dwided a7 a great num 
| ee ah at Fy P Jaw mae of — MAES (whack 
z as s ~_f ae equal vokume 1s The. Base at 

A reg “bed nob with, gaseous{iunsls) 

aud teh The ds ust 
mentioned for omy On€ 


Sooidz ae .  lamme 


et aece!, = 


Bess = 


— ee © : Bes ph 3 
Ft, 3 : & —s Ih 
por ee a 4 3 t = ae a be ings 
‘Bendy tlw a) es Se Sg 
és a ss . j des lauce 
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i“ Ny, ? 
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! & os ry 
Plane ivg the Z's a from ils 
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wentre te Hral of We ane néxe + ahead < Thies mode of subdivisidy 
Sake s tpe as mS any a. joanna "te fenlieal fe. wralece as 
ale Bye 2 ESS as’ 3 EE ny i$ = — - ds’ "degia ge Meat baits macnn 33 

. Whe nave, Ase , ds cose = as cusp = = — az wil(F) 
| o : z slogve ant 
ae a crag the by euepht er She aenatre a & itp Bove ase 


a 
be 
Proi. 
rare " doktuws blanc herizas Ta , Salas aking ea heae 
e , ge . ae i Ets St ose 
S518) FF) wm eq. (1) we fonaily . derwmg sf liv enspositien 


“The flow being sleady and as & tensequeus af Te peo 
> a = £ e - ye, 
Hee Suk ay wis iova jest wage > ecceh. pa 

“ > 4 4% hs ain & . i et; pes 2 
tanoves Joie whe pestlion whith Se On 


ming RE ry 52 -§ fees Lt oe es 
Tana next alikes & Wing, Seqweaves ine 4 as 
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4 : fea | to Mf Hee 
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: Cae as ee eee © SR ee Ee Base € Leal - 
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i i ae rag eee a 


se 
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dé pence, considers wc; 2 eae S rh ulfancous ad vanes made 
_ by al} the Seine ea This “ one at > we May wrile oul an e- 
qralion Whe ) far cach of the Jampaace belwees any fe 
cross sechons Tt va mt of the pe , fees cbleming am 


trifle Tareoer of — from hii losy adding covves 
a sponding Terms , 3.2, 77 Dag radicn we. ‘thlew 


“plat (5 + [ae = "er eer 


yu lhewnce Sifeenine the ‘era aa eet 


A ge ey en fey 
t+ r + e 25 ae ee = 9) 
Denclmg by Polenlal Head the verlical height of 
seclion of the prbe above a Convement d cline Tevel ewe § 
Bernad)i s Theorera os falews: 

oe sleady flow wailho relion , the Sure of the UE - 

=. head, pressure-heac , anc belerte heacl, ab any 

of the pipe is e conshind quan lit F epual 

fre Seri of the comesponding heads at any olner seelioi, 

Tb ueleeeable rad, eo (7) each of the terms 4 asa Recar 
quomitiby , viz. a heigh ter head | efther welual Sroch ag 2, 
and Zi 4 or ideal re Re others } cmd dees met bepag ins | 
—— aeeount the absolule size of the pipe ner even fe relelwe 
dimensions (exeept Pred_welwwen frome the <q ~@ go» vabirmscali, 
A i ee a deed cows vie efeeece te Tec, vl 
ume ef walky flowing per wit of time }@ | or the Shabe 
af the pibe’s axis. When the Pepe 3 is of considerable leug lh 
 fombared wilh tls diameley the friction of The waler me ike 
 Sedes of The ube ecomnot be neglecled a 3 470) ‘i 
q TE must be yemembered thal Bernowli’s reone ages 
q niet held unless The pie Vs. sleady, i i,2,, wmless each lam- 
a mee inte he pesilion ROLE vacaled ‘by the one nexé ahead 
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4 (4F equal mags) Gomes alse into The exact eendilians of velec- 


7 


{ * ; 4 
oy Qud pressaxre iH whiek the olher was when in thod posit, 


4SQ, FIRST APPLICATION of Bernoulli's Theorems 
4 wilhoul frielion. Psd, S26 shows ox Leung @ fonk= fron whiel, 
@ veyltcal ipe of ot, eg seclicn leads To qnother lank, 
-—.. 8 “mn, _ dipbrhg below the waler-susface iv lhe 
= ) letter, Beth waley surfaces are open 
ts the air. The vesse] aud pipe be- 
img failed with waler aud the lower 
end ™m unslobped, « sleadey flow 


oo is eslablished almetté immedidlely the 
id surface BC bemag very Tavg e Cencbor- 
- ed wilh F the area of fhe seclon ef 


the pipe . Given F , and the heigl 
4} hy awd h , required the veloatl 
Fa. $26 u_ ef the jek ab im cmd alse the 
q a ; pressere ab Th wiz, B, ev a 6 wh 
Phe jet just clear of The bape , ond ally im The woler jev- 
4 el AD. The v ot pm = a rd tialenow n goed the pres- 
4 Ure Pr i$ Predically = P xz ohne alimes Smee the bres: 
| wre on the sides of the jet is nacessanliy the hydreskalig pres: - 
are Toelenging Yo a slight debth below The surface ADs 
Bt Pm = Pa. b= 34 feel 3 the presstec-head al m 
E (409), 4 Now abplymeg Bernodhi'’s theorems to seclions 2 
4 tie | and we, takeweg , hoviz, plane thro” TT} as @ doliin 
4 plane for saa heads 3% thal ZL = honed a 5, 
wehwe V 4 4 _ 7 
S . le daa ee. epg peemeen 8 i 
4 Buk, assemmng Yhed the bee of the pibe is filled a¢ 
i £8er Poml > ne yovnce P= a = re Oe ees | == uy (See 
ey .of conlmuili, Rvs ae ie 5 aud hence Oy) reduces Ib 
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| — B4S2 _FIRST APPLIC. oF BERNOVLAES THM, oe * 
‘— Pn = b-h = B4ft.—h -.-— @) 


% Hence the pressure ei 7m is less than one alwesbhere , 
aud if « smal) tiche Communecoling with an arrdight Tecew= 
_ —€r full of. eur were screwed ee sraadl hele ol Ve , le aw 
fm the recewer would gradually be drawneff wnt is len- 
—— S1dn had fadlen To a value Pr . CU This is the brineeple of 

: Sprengels air-pump , Phercury jhowever being used nislead 
of woler, as for thus heavy liquid B= only 3 O wnches .} 
«df h ws made 7 b forwaler i.c. 7 34 feet Cor > 
BO inches fer mercury would be negalwe wt &4 (2) 
4 which 15 eet “be thal the Joe of Fy 
2 pipe-sechens js not borne out En this case, h 9 b, 


¢ only a porliow mnn?x the tube will be filled wilh walter - 
tent <b) samt v= We ret Bn ws 
q pC ‘per 0} waley | Vow fexsion corresponding Ye 


the Temp evecluve € A 435°) wil) Surrounel 
an mterncl jet which edocs {n the bibe : 
Example. UY h= 20 feet, Fig. 525, 
and the Viqued: ig walter the bressure-head 
ot 1 iS (ft bb. sec.) 
Bey ces 4 tS 


bers, 


Fig, S26q pb = 14X 62.5 = 875 Us per sy ft = 6.07 4 
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bs rem ewiThoul. frie Non. Knowin by aclial measure ment the: 
3 = 7 Ay Aly oben prezomeley height 4 n at the sec. 
Non m1 in Ry. S27 (se Vat 


z- 4} the pressuve- head Leahey 

SS OS ee Oe at n iS knowns a q 
Fu, S27 ny knows also The vertical dis. 
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4 7 seconl APPL. OF BERN.S THEOR™ 79 | 
% Pe. The mir 36 thal ‘oa = vegusved Me volume of { 
4 flow. her second i aerate Q=F v2 Fv. One 
| The i $s “aa on Srueoth cures if Any , yo friclic 
g wl ee be neglected . From Bernewlls” $ ereste. 
q () s 481) vas ™ as 2 dalum pone fer bol ential heads 


: Bette % Gs, +b)+h ... 5 
Ba. Ci) wehae %,, =(F_ + Fv : seabed lahstng bie, 


eg GHD........3) 


q Og CES cmt nears the 
A oie a a | 
i lara oe) 

| — [Nok if the ems; - seclion e &f the nezale or j 

4 vy, become a Imaaginar 4g unless is negahue 

a = a (i.e. Pr < ce ody and Sn ened 

a greoler than 3 , i ether words the assigned ¢vess~sec - 

e. tions are mot” "piled! by the flow | 

_ Example. Hy, = 17 feet € thus showns the mnberrea! 

- ~~ pressure al 7 te de | =) Cy + b)= = 1% a 
i 4 = 10 feet amd the (round) pipe is dy waches in 

. o" a we aud Oe at the nozzle TH we have from | 


q (3) (an ft. ‘». sec. sytem me whieh 5= 32. ee 

: 7 —* $0.4 ft per sec. 
amd :*. The volume per 

sec. 4s @Q= oe wo i 
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ate ee Ree J, = 


> 4 ; “¥ 4 ; ie, 4:9 Gd Be oe 
7. % ; . 
v2 ae < | i ” we LF geben bioste es 24.4. Pe Big 
Jeo tose © 2% allwen vot! rest betas! goed. oe ifie 


tot ved seer kd ~te f 6 Ss © é&& ert whet (2b 8 fc) 
| _ a> seneeen 

4 d + = =O+#c6 + = one 

si pen ae sree: vf - te )= a sun et ia pa , La 
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a x to beerdve v9 Save npin. % 
i. ¥ ; - eo @ ew 2 OF ¥ / a 

P | a ws = Hf 5 Sey, 0 poet doers 

wide a) a. Wasa act & gt Matissz-teowa oe 34 IMI 
ke x ¢ a = Clans Tee aa € yoased ais 3 < 
eo a) ee: (enrets ee ak | > GM i) Riris8 

. . i 

cone? breecem Bh ebtow <3060 a bins & siedf shoo re 
i: = $f % bslfX be St eno. 
. artoie of ermwere gurl) Jos} S Roe. Wee sy 3 a 
= + a. , Se A ed s ko semcered bn) 
» 6! pete e: og ‘(emved olf bmw eh of ees 
ot —w §65tt fez oct ow Se on z tw ; ‘i Ja sais reio 
(8 86 we ded me Bad ase dl! 2 mas) (P) 


@ $454 — ORIFICE IN THIN PLATE [00 
ale mares, 0. sharp edged onfice th the plane wall sf a tank 
; 3 a contracied vein (cr Vena conlracla) is formed , the 
enls of walter net becomma payatiel unta reach | + 
s jor circular onfiees 16 at adsslance ~ 
ae from the iniener blane of the wal) ¢- 
a To the radins of the esmenberaper- 
|| tare, amd mak ut remaking thus an 


“N iair Sector of the jet at m, called ihe 

‘ ss gontrecked seelion, % {ound on mess- 
| Peg. S27  wvement. to be a 0.60 tT 6.64 
is ¢ the Gpertine _™ aren , with ymost orifices a 

Shapes ,euen with a cawsidevalle yoMg € we the Size of the 
orifice amd in the height ox ead ,h, preduanc lhe 
: flew. Calling this absfroct number the Co-EFEICIENT 
OF CONTRACTION > aud dewohing it. by oe swe meay 
—ownle fF 2=CF . | 

: ites tn white - = avea of the 

: orhee : = Thal ot the contracied section | cand Cx from, 
—— pO te |= Otek most pracheal eases. 

A lemma f pavteches of waler is under ales, bressur: 
Soot 7 (the free Suvface of the waler i. the Tank’) while 
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Subply Tragincering Py with o LIES lined tot be, found f5 0052 


when the veloc, was 3.74 ft. per see, 5a beumng = 20 mehes. 


Weisbach  Fndiiy haw | very pee preposect the for- 
wmula 0.00 0.0049 2 a ees tos the veloelies 


f SpE Re ts i emer wert cousiderable - 
) 2 we in {b. per per sec.) eo: 


while Darey , Takia inlg aecount both haw i ond Law % 
pels ee C see p.$85° Rankine's ee Mechanics) 
>Chass To p-147) 


2, 
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Woo $ot's SG L991 CSE? 30° Rois ee Oe SG’ boar dae ak ite | 

abo mowsimine, Oe eae a Rm Hoc. SMB By lee 
VR 
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S47%q COEFFICIENT f FOR SKIN-FRICTION 14.7 
: ~~, a a a 
Be 0043/1 + 5 4! | 
u : = * o : + if . : : —__————— ] ~~ 
| 7K Atavaatn £6 nial eS) 8X dian ith 


Foy brachcal ‘purposes > Mr. J S Fanning ‘has Arvang éel in au EX~ 
Tensive Table ( Pp. 249 Ts 24 6 of the book velesred To above Y 
values of : aa clean tron Pike yA shia. from " in-te F6 te, 
Aud jor velocities of O.] ft. te 20 ft. per see, Of thd the Ta- 
ble on the ‘preceding page is an abridgenent ,and will be used 


te working numerical preblems. 


. 
~ . 


Tx eblaming f for slghdy Tuhey culated and for foul pipes 
E TrelLoimMmimn enda@lion $ of Wie. Foarninag Seem Te jushfy the fcMown 


fing: ; , i . 
For s\iqhtly tuber “ipes of diawS, = + {t pata ae os 


; ; of 58 a Ve 
2 we should adl 237% 24% 16% 1370; 
while for fox) pipes of Same 312€ 
5 o/ 6 oF o oF - .O/ 
: cb We should add iz /6 @) éo 3g Fel 16 
a of the { at Fanumgs table for dean ‘popes : Te ‘ifs erf ; 
= Lxample. it a = 007 fer a ceylanr Ys eh. Pibe wien leat A 


i « 


g 
- : : ‘ ror <r e 
we “have i BO Wey 68 = Of 20% when it IS foul. 
f 


= ,006 may 


eee 


For frvst. “phrommathons QA mean valine of { 
be @mbpleyed  siice ine Scie problems sufticrent dale font inal 
be Known in advance 7a enchie us f find ¥. from, the Table. . 

Example { ani S8Go. In The sleady parrptng oy trude Pelton 
Ng, S60 Bu Teen weighaw fa SS bs, 
, 4 ber eubie toot | thre’ a $1 
Se hg re 6 teh pipe 20 miles leng Is 
a stale 750 ft. higher 
Theirs the Pump, it ds found Trel the pressuve in the ‘pump ee 
Tinder ah » Necessary To keep tf a velvet. of HY i per 
Second in the Pipe was 1600 Tes. bey s “es : R 
the <o- efferent ; isp the pipe. As ay ye rma equines 

. sis gee S$es Ex Celt The frie. 
Tio “head im the ‘Pipe ave tnscg nifscant , fhe laitey onl will he 
persidlerect . The velocity head at. 91 meoy be but = GO; The jet 
ak om hema of the same size as the Pipe , the ectoae tn the 
Pte ig = VU and ot v= 4 fh, per sec. Nolice that mm thé. 
a down - sTreaw Section. is at a higher level than * ; , 
From ‘B's Theorem , 5 474, we have swith M as & 


$41%q  CO-EFFICIENT OF FRICTION ——__ 4g 
Goku 2 a as 
tenet in + eR ote po 4 Fl Ae mera seesne sf} 

2g r ed 2 


Using the f£.,Ih, aud see, we have ha WOK Ye oo. g0 ft. 
while b= a = 38,47 ft % 4 


8 ¢ 
£23 9 
Ed pea 5 ¥ SC 4 apes %3 fs 


eee 


~ 


: eae 2 SS ee _ = 28 90° 
Hs yin eg lt), | aa i 
a e f ‘St Be £04 F 2¢ Pz : 
0.30 + 38,5 + 700 = 2650-4 F eae sll eS 
& hated 


Ralving j we derive f= -99ShOs € 


we heres, far water with 
: fs ‘ * e x en, ‘ ’ 
uz 44 per See. aud da + ft. the table ‘pH, gives $2.00 46)) 


4.75. FLow THRO A LONG STRAIGHT CYLINDRICAL 
PIPE » tacluctwg ‘beth friction head erie CR ion ce legs 


‘ ° e i. 4 = Ss 
a rounded ), Resevveir larga, Fed, SGC. The 


a4 read 
@ jet 1s- 
Bere SA Ro et te SUVs durge Keg Svan. the sud af 

2" Va the pibe we th fi 


» Pet Soe 
1Ata ails im to 
y 


ELLA 


Siew Snianep Wy The Gar, and |. Khas The Scauwe 


ae Ae Seclion: hence al A i 
Fig. 36¢ TE A A cl ad ie HE 


. S jet ea ee fe the ube swhich '% 
* ‘ P ¥ 7 

ASS team ec lo be yeauning full, Quad is “. the velowh, & be nsed 
- we Hee less of heed | B. v* at the entrance ECS 472 


‘ t « ‘ e ' ae ? 
a Mm and 2 as A ay in tigare aud op b be, hag B's the- 
eZ S 
2 


oven ( 424) with Mm @s dalum level fer polenta) head 
257 r 


x) 

ca 

Bay 
& 


am Vv & 4 z $ g rm fs 
have —™ ~ahio = G+ bth — Se re WP i OC ee 


Three different preblenes aay reas. be Sgived 
” Fipsé, required the head h Te keeh up a flow of qwen 
volves & ‘per anib of Tune te a pipe of Given length Lo aud dee, 
d. From the <q. of Sornltinecddy we have Qe= FEF vos quay, 

| > Sa vel. of jel =vei.in bibe = 8 Sid eee 
. a a2 
ca. Saree § 4 ound 5a ‘ v frat {2}, we obfas, {rom OF fhe TE Guir. 

ee t= fi 5 + ost). 
2a § cl 


| becomes Known sss. 3) 


86 : 90S" if we 70 © Gee § 423) while f may be Token from 
eS able »§ Pla, PIAS, for the given Mam, and Computed — 

ee gb if The Pibe iS Rear 5 f not, elénn See mid. ip. iy ‘ for 
slightly teberculaled and Foul pipes. 
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Second) " Given the head hs: and the length L and drawn, a 
of Pipe, yaguived the ot in the Pipe v= Us that of jet, and 
the volume delivered per snit of lire Q. Solving Ct} for uy we have 


ia Res TEN Leas 
= a 


‘ ‘ whence Q= adv (S) 
The jevat radical re eq. 4} bles | for brevily be cathed =m So- 
eft ant H veloc, , P, for ths case. Since the jet has the Same 
Aiten eley as the pibe wis vadiea) may alse be called 4 0o- ek cg ent 
of eff lex . Since ta (445 , debeuds on the unkneewn nee wwe il 
as the Kuewn A we mut Airs & but f= 006 for a First abhreti ma Q- 
tien for V5 then Take x cork<spending value for Ff aud subst -ogceta 
Thiral : knowing the Fewg Th of pipe and the head hme wick 
to find the proper Aisin cley Z for the Pipe Te dekwey a given vol- 


ume Q of waler per crt of Lime Now yay amg  €6) 
aay € . . * aen ge 3 > 3 4 
tr che $34 'b s}idlated ia 6) Gives Re ‘ 1H 
ie : i 4% : rs as iy ; AP 3 } t f A 
Qa = (2M 1 fins. 4s hl a (HOF (ete wal |, ie 


SD 


= ee 
ar (tS) Tos S Vo op “A } ‘ s i "Eh 

eee) STIL a. Heiee desl 

: fe es “. 
in whieh ae 2 «085 Té yro= GO LY fs} ’ ae 
As the yadieat covfans dl we fist asstme avalue for a swith 42.006 
ond subsitatz in CF). With The abbrox. value of AMthas. cbTained , sub- 
stitute Ong ain with a new value Pov 5 based an the walue of © in <3) 
oblaimed fvem the fixit Spyeex. value oy dl. And thus a sll elosey val- 
ue for ad is derived ant Soon. TH Lis quife lage we may pal 
dao fer the Fil app ros vuctven, See last figure for these examples 

Example { Wihek head his necessary Ta dekver 120 cub, fl. of 
weber ‘per minule Thre’ & isan straight See Be Bae cai 
G& inches tn cliamcley. Fyem eq, (9) CAt. tb. sec.) we have 


Pease é > 
24 iO % ue 
s*.* - X 60 = 10.1 +t. bey see, Now for us 16. . e. 


Wr) and ela Yttia 6 im, we find in the table 
of FUT £100 SKY , cand... from ey. (2) we have 


tae. a ag 
: 2, . ' 2 : 
he fous) [i ee Fe, Go Shy 12.23 feet. 
2X32.2 | | fa 


efwhiek Zolal head (as we may call “t) 1.@0 feet 1g wsecl tx produces 
ing the velocity AS (4-2. Vos 1 = 13he ft. Jy while o,80F 


aS. oe ) is last at the eulvance & GK = 90° } anc 10-62 
se xt. Cfriclion-hecid ) is lest tu shin -frichon. 


a 
is i ae 
vo e) 
& 5 - 
} 


E475 EXAMPLES LONG PIPE $0 
Example 2, CDala from Weisbach) Required The delive ,a, 
thro’ a slraight clean iron pipe &B fh. long and Q in, tw die 
with 3° ff. head (eh). ue VU, being unknown we lake fs eae 
for a first approximation ond ohlatn ,from eq. (4), = 90° ) 


ae 
ee JAX 32. QXS — B15 ft. per see 


6 
From the table % 4¥ itor Va 6. teper sea, and d= Qin. we 
Find 4=, OG 63%, Bice we how ave. more cccuveilelyy y 


ears aa | | fi. b. see, 
he | i+. SOS + eX geen x XRG RY 33. 2X5" = 6, 0% 


which | is sea{{terently Wee 3 iz Then The valence Aelwerecl ber See, 
%& Q@atad*y = inl) 6.0%= 0.1307 cuh fpsee, 
Baile 3. (Date drow Wie: sbach ) What mist be The Alcumeley 


| af a slramht clean irs Pie foo dt. m length, which ws fe ae 
“Gs Sa of x carlos e- foot of wyrehey per Sec. under 5 ff . headké& h) 2 


“With $ abbrey. = ,604 we have from eq. 7,  petiun'g d=- 0 un. 
Be, The. %edical for a first Trral, Ct. he. See. use thg leqavithms ) 


el etl 


. BH, 206 X20 (4) abet 0:30 it. wheres & 
As QX82.2XS NTH ough abbrox. for UAV, 1s 
ve #8 psd 4X Zz — 7 Tevet. Henee with d= 0,30 ft 
won at aX .09 of whick = 3.6 tu aud us q, 4 =, 00601 
1808.30 + 4X. 09601 X too raxe yt 
a 


ds as O, 324 te. 


QK YAAK S - 
‘teth, de GB2e TE aa 128... = 6,06 fh. per See ,we 


= Aroaty | We (.32%) with § = GaGSs 


{ 
/ Leos xX 6.325 4 4X. sae (2) = eee 
/ RN BT2ARSG 
a CHEZY°S FORMULA, yd in the ‘problem of the 


preceding. pareava ys $0 Youy , and «', Liel so great , Nhat 
HElSd m& eg. (3) is very large eorahaven wih I+ Ge, we 


es neqilect the latter leyne, whence 2q.(3) reduces To 


h= ZA fh. Ym rcs Pepe Very longs See Fig. $60). ee 2, 


“ 


which ‘s ees Chez "g forimeda. er Example, 


a 


S 47S a CHEZY'S FORMULA SI 


Wa Off and d= 2 n= 73 ft. and { abprex.= .006, 
we should have A+ ees rep hile I+ or SQuUeaxe Corn- 
er | Sos: ee dad uf 3 Rit ue f Y 59 ore 


14 in (8) we subshtute v= = = Q@= End’, RS xeduces i 


l : - 

hz 16. 45.2 captains. tne aa AD 
$e thet for avery long pipe, Considering jas abbrex.? couslant we 
ae | Sas Mal Te deliver a vol= Q Per rere of time thro* oe bbe 
ef geen. leng Th = i, the necessary head ah zi taversely pre - 
Peylional 7o the Fifth Power of the diameter. Ee. (9) rams 
te Safed in si clher ferns. : ; 

476. CGEFFIGENT j i FIRE-ENGINE HOSE. Mr. Geo. AL. 
peas, C6... in Kis VHle book on” Five~ Streams aay deseyi bine &x- 
Periments made in Springfield, Mass., qwes S Qrabhiq <embariton 
(*-4s ef his book} ef The 4trichon-heads BRUTE MG ae. rubber hese. 
in leather hose, and in Bleaw tor pike , each of 2%, in. Paes 
Tey we th ¥Yarieus velocities 5 On which the Jollewing  Skafemenls 

we ‘based: Thee far The Gwen Size of hase rad bipe 
{d= 2% im} the ; ée-edticrent 4 fay the leather and +ubber hese 
vespechuely nas be oblamed abbtex timate! by asdung fe £ jer 
clean twou Pipe (and & qieem welled 5 the hey eek itself 
Shown in The accompany ta lable } Example. For acre 
Velo | Rubber healer | Puan Fen Pipe 2 fa iv diam. for 

ss ie = fo fs. per Sec se See 
from 3 tle, = .60$99 
7 Kence for o leather hase of tke 
Same diam. we have for UX 
lo’ ber see. 


| J= .00593 +.43 X.00593 
ett jj 34. | = 20849 

£77. BERNOULLI'S THEOREM AS AN EX PRESSION 
OF THE CONSERVATION OF ENERGY FoR THE Liauin 
>) iho in any kind of flow ws Haaud frichon , slead, 
or mal, ln rigid immovable vessels the gr eqale pefen-~ 


tal oud kmehe eneray of the whele mass of liguid fantérn- 


ed is necessarily a cConsfaw quantity See §8 } 
potee ab 42 and 14 
Gul melwidual particles ( as The aha m the fry. 


free Surface of wale In a vessel which is vepidly being 


$477 CONSERVATION OF ENERGY 152 
EW ww OV 
emptied ) may be continually Jesing polenhal gcnergy st 


Teaching tower and lower levels, without an 
inntyease of kimelie energy 


7 flow without free%eory m rigid vessels we may 
} 


compensaling 


or of any ether Kind ; but wa 


slale afl The shock. of energy of a given pavlide or Surall 
collection of particles, is Conslant during the flow, brovid- 
ed we recognize a Third Kind of energy which may be 
called PRESSURE -ENERGY oy capaci, for domg work b 
virlue of infernal fluid pressure 7 AS may be Thus exblamed: 
Tr Fg. $6} 


“OEE . ei 
i waler wih avery slow moblog and un- 


dey @ bressure b (due to the reservoir -head ig eae 
eee te... S ..- -- ; ‘ Eire 
ap aod ‘mos bheve~head behind it) be 
~ be f 


— 7s = 2 ai > ¢ 3s : . * % 
es Pc f= | TaN agented behmd a Prsion the Sbace 
> eae jee ) ee eee 
_ Cee ye 


% ts ons wer ache :3s V2Iusces. 


~~ =m, - SAS > #3 J 
AS || fn) | Let s = length of droke ane 
wee eS Reo S$ = 18eGyin @ Fe €,aue 
a aS 4 pisk 
a} Ol vnc f - the area af bislen. 
ween SeG i *<- F ; Be 
Tes Tellin Waa & + 


a: $b. The gus of The Shreke by mo- 
Tish ot praper weaiyues 


: eee fSintrancsshia with The reservoir 15 
aut off on the tafe of The pisiay and spaned on the veght, while 
the waler om The eulinds, new on the left of the biston 18 bed 
li, Communicaiten with the vacuous exhaust chamber, As a 
Consequence the ifernal bressuve of this waley falls [% zero 
Cheight ef cylimndey smati} Gud an the velurn shoke i; simply 
Conveged oul of the tylind ex , neitkey helhin vier hinderin 
Ahe melter, T het ‘S_ ie doing The were af One Slyoke 
via. Wa force X disiance = Fp Xs = Fos 
a volume of waley “V= Fs, weg hin FS Ybs, or othey 
unk) has been used, aud ,in bassing thre? the mofor, has 
exberienced no appreciable change im velocity (trolton slow) 
oud s. no chawe ix Kinde energy , nor any change of lev 
ea «8 pdenial « « 5 Bud sé has given ab 
all ils pressure. 


| Now W, the work obTaned by the consumblion of a weight 
7 ae G = Vy of waler, may be written 

We Fps = Fsp = Vp = va = Ge ets co 
Hence a wkght of wale =G, 's Capable of dong 
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me cece 


er rm 


the work: GX2=¢ GX care roe Es pressure &, fe. 
= G X pressare ~ one ea giving tds ail obs Bresacre es 
ar afherwise, while shi iq ee ng a pressure F, ‘ox weight by af - 
water possesses An amount af energy, vabetch we may Sadl 
bressure- energy 2 Sf an @meunt = g:£ £. , where | fhe 
heaviness (4 7) af woler » andl WA = a! height. ar head, 
Measuring The bressure b, re fit = the prestureshead. 
“¥Fe Raay Row s\ale Base aah i foreiw. without fratiein | me Ge 
‘news form v2.) pes each Term ef eq. 7 FR 4S. ae 


The weight of waler flowing ber Seceng for a Pe, Hime bei 
Tre leady 4 eae and we et 


f 7 ee re hy ty cr 
@y Pia > ay rn =f. Sy Fan a, } Be ps & ie SR aie i ie a se 2 o 
Rg y Sie ag 4 
a é : g } 
ue Ar 3 EY era | eee x i AAS ou 
But Sy wm = Lb Ey y= F A msss POMlnG ‘be lng: ani $4 
3 2 = % =" t im BS? % ie me + 5 
sg ¢ & the velocily = the Kinehe enevey 


ee 
‘possessed by the val. Q@ of waler on sieecs The Se eltarg mh dee 
> + the valogsiy a nz. Alto @y fm = the peestare: mE of 
; The vel. @ ee a, duz Te the i “hr €$ Sexe & at Fee swiile & Sy 
i = he feline energy ef the vel. Q at me dae te its heigl ~ A 
: Z Qboave the arbitrary dalam plane. C arvesponding sauna ents 
yas be mace 78% The “eye on the right - hand side a} (A> . 
vefernicg Te the sther sechen, 7, of the pipe . Hence (2) ae 
Thus read : Fhe aggregale amount of energy (af he 
three hinds mentioned ) resiclent in the par lieles of ligudd 
fuhen pasiing sechen m is egual fe thal cuhen basse any 
Other seclvary as #3 ta lead flow 4 th ack frretven, TiesiS 
the sleve of energ: is Constant, 
47. BERNOULL'S THEOREM A4/THY FRIETION FROM 
THE STAND PAINE OF ENERGY, Mulibly eack Perm in fhe e- 
—  Audlich of § 474 by Qy a5 befare, and aN a less of head 
ay height sf ,esislance due Te bee k €ause by hy > And we have 


eee Pak B+ Opa, = H ay 8) 


Each Verea ay h, (eq ,@ | a ae a due te skine-ferelion in & 


%, 
Leng hipe | Armd Qp e4 a due Te less 4 head at the é- 


8 - Less OF ENERGY  ,.- £J&@ 


Serveir entrance of a pipe) Mpresenls a Joss of energy ,et- 
curring belween any lecalily 1 and any ale, lacahh, m4 
cog, a from m, bul is realty slid in existence in the 
form of heat generated by the frickon of the Nquid particles 
against each other ox the sides of the bipes. 

a a shcadis of Several bomis m This conneclion, consider 
() tue short lengths af Pibe iw Fig 562, 

r A “anc . one ef{eriv Se. gradual the 
nee cthex & sudden , enlarge yu ent of See - 


~ Wi A teow, bt otherwise identical tin dy. 
i 5-2: AR EE i 3 : 
a= Sess css t- 


::= mensions. We subbose them te ce- 
= () teaby places i seharale limes of Pipe. 
EXP /B & each of which q sande Now ww ith, 
Sette. 2 v., Feet £2 84$- sactiess $ is praceeding Qua 
& =: = fess, SEY 3B $9 veguialed thet the waloe ily Ang 


Se = & « ; ‘ ; 
tHiery cz: Pressure at Tt tin A, are 


Qquai vesbechvely Ta thase af 7 
% 2 
aa : “Se Bi : : Aa a e 
rr aia im 5. eater UgGcaum Piezam- 
ten bo | ea [ tadher s<ciien 4 ae 
alex: be i129 ete 2. fhe SaGhe 22611009 , tee waley columus 


Tearnikined ih Them by the tnlexvual bressure will be of the 
bam height. Pa jor beh A ond B. Since af ta, the larger ses- 
Than, The see~ Fo ° tiaaal area is the same for beik A and B aw 
tote Fae Amfl mB so that Q. = A. ij hence vy mA & 
in B ond is less thax U, ) 7 

Mowin Ba Joss of head occurs (aud hence a loss af energy) 
Gehowen and mm, bul none in A (exceht shight frichton head} 
hence be A vs & Sheutad find. &S tmieh feerny Present ak iiras 
of R, ouly differently dishibuled Su ong the three Kinds , while 
dim im B the aggregale energy is < that at wn wm B. 

As regards kmeltd Mnevay , thers has been aless balween 2x 
end wm im beth A ond By fr YS <u Gud equal lesses )- 
As to péteukal Cnergy there 16 te change befween 1 ang tr 
eNhey ix A ar B, Smee H aud 7 are an a level. Hencelthe 
less of kindié energy in B és net compensated fer by aw e@- 
qual gam of pressure ~eneveg. (as it is in A), the pressure- 
head (C=), et m in B should he jess Than teat (Ee) aZ 


é 


tw mA. Experiment’ shows This te be true, the less af 
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ee | 
“being due Io the infernal friclion mm the eddy eccasiqned by the 
j Sudden enlargement sthe waley column at m™m im B rs feund te be 
of a less height than that ot m wm A whereas at n th | are equal 
In brief, im A the less ef Kimelié energy has been made ub “i 
 pressure- energy swith ne chauge of petential energ , bat tr B i 
"there 15 an actual absclute loss ef ewergy = Qyh, yor = QF Um 
suf{eved by The vol. Q of Nquid : The value ef C a 2g 
This case and clthers will be considered m subsequent S§. 
Gienilerly , losses of head and <' lesses of energy » Sscuy att el- 
bews, shar bends, and ebstructtans Sates meg eddies aud infernal 
Anclien, the amount sf each less gor % Given weght  & 3a we- 
Ter , Being = Gh = G % ce h = = beimg the Joss of head 
q © Ley 2, a fae 
aaaeles z oa ch stracton (§ UF Tes «. Very imberlant wh 
Fronsmilling waley through pipes for Puvbeses af pewer To use alt 
| possible means prevenliag dislurbance and eddk Find ankdog) te 
liquid paviicles 8 tn shaxb corner S tiens , elhews p ‘abrubt. chang - 
es of section | shesuid be avoided in the clesign of the comdent 
| Pike. The ameunt of the lesses of head, or heghts of te- 
Stance, due To these verious causes will now be considered 
: Cevcehi skin “Anelion , already trealed)). See ae of ee 


Ke s zee iL sane 
wilt he wriflen th the form GY aus we ave prixcepally aie 


> 
: 
Z : 


Swe 


cerned with the volue af 24 the abslract number 5 
or co-effrerent of resislance, in each case. The veloarGy v 
is The velast 3 row ey or luknown , w kere the retisiance acscers 
or, if the sechen of Pptpe changes at this ‘place , then ya velock 
én The dewn - slream sechan. Wesbach ‘ of the mining schoo] 
of Freiberg , Soxeny, has been one of the most noled expert - 
Menlers tn This respect and will be frequently qucied : 
ike LOSS OF HEAD DUE TO SUDDEN (ie-SQUARE- 
ENGED)ENLARGEMENT, BORDA®S FORMULA .Fy 563 
Ar eddy ig formed im the angle with con- 
Sequent less ef energ ¥. Simee each bar- 


trele of waler of weight = @ , arriving 
G2) SSS 2 with the veloc, se iw the small Pipe, may 
: be considered to have an lnpacd a-—- 
Fig. 563. Gamst the base of the tefinilel great 
| 2 aud more slowly moving Column of weley th the large Pipe, 


a emi Ke Vv 


$479 SUDDEN ENLARGEMENT 186 
Gnd afléy The impact moves on with the same velocity, Vs 
as that calumn , yusl as cecurs in tnelashé direct cenutia! 


impact (§ 60) : we may find Tre energy Vest by this bart 
cle om account ot Vrs impact ‘by eq (1) of S 136, tag totals 


rogead 


“pulling = q, a | 5 and NM, = Fig = mass of tafin- 
Wely Great body of waley in the large Pipe, so that M,= ee 
we have 2 
Energy Jest by ‘borkele — c, ae Skee 00 laa cate rs (i) 
Gwe The Sorresbending less of head J (v,-0,) = 2G while 
Sumce Fw, = 7 o., Ray be written ee 
LOSS OF HEAS ix at = Pale 
SUBDREN EMLASEZEMENT 3 | -1] eo ov nss: --(2) 
Thetis the <0-efficenid : 
feria aan G =(Fe = ») deh ah (3) 
Fy and F, are The resbechuve Socciad aecas of The bibes 
NOTE. Prachea}l The dlow cannee always be imaimlainy ed 
with fe¥t Seclisks. In any case (ff we assume the pipes te be 
yancing feat (souce slarled so) qnd cx That assumblon com- 

pule the telernal pressure at Fo aud ik 2ere or negative, the 
assumpliex is incorrect. That is unless there is Some bressure 
at F, The waley wit nal Swen eut laTeranly Ts a the large pipe 
Example. Fig. S64 Inthe short tebe AB Containing & 

— Subden enlargement , we have given is Fi= 6 $q. inch es, 

ath, Ee oot Fix + $q.tnches and h = = feet. Re- 

: quired the velocity of the jet at m Gx 

—~ fA B: a the ary, se that ca a = ha 3% ft. ) if 

ME ‘the only 1058 of head considered is thal 

e E as duet. the sudden ewlarg em ent C skin- 

F; i S64 2 friclion neglecled as the Tube 1s Short ; 

the reservety entrance has rounded corners ) A pply mq B's 

Theorem § u74. Ts ™m @s down, Sireanz seclion , and mM in 

reservoiy Surface as up. slrtam position (m= datum-level ) 


we have OM 444 = Co4b64+h-S a ee ame 
. 24 Ag 


479 SUDDEN ENLARGEMENT ey “37 


—— oe eet 1 BL. Tere 


Butt here V.= * Cr $)2= - | See eres aS 5 
From 24, 3, me .. x (¢ ~1)'= o.2S aud 
finatly 


ft. Ye.sac. §--U, = Er or a AX322X7 ad Jax 32.2X9 


= 2l.ss 4 par Sec. (T he faclor 0.879 tight be exdled a Cu- 
efficient - a this case) The velume of fiow per second 


hi. aS Q=F | = S- ¥ai.sS' = 0,596 cub tt. “pey Seg. 


we have 52 ag oie that Py waley 4ills beth parts of the 
Tube 53 2, thel Re pressure Pi ,at FF, is > zero (See forego - 
ing note), T Te verity Tks fhiaeed tech 5 we cambule P. b 4 ably tng 
Bis theerem ‘ om as a dowry. siream ‘bosiktion Sud eb pleas € 
Saal Ti as Aw = shea bos:Tron Gud sdlar. { ne. lass ot head be. 


yh 
Tween). Mee Fg = Ot bth—O 22.2... as =-- 6.) 
ws °F | a 


i £474 wer 
Bet Since Fv, — A we Have V,=(Z) %, = o\ 9 Gnd «', 
. pressure.sfsd . F (subshiuting 
oa 4 


3 = beh-¢$) = 34497-4.7. = 27 fect 


+s % 14.25 
QRa Ded b, = a of iy, t= a ‘1.6. “bs ‘Per 3g. inde y which 13 r 6. 


au 
, 
‘ 


2  % 3 above > "S 


“ ioe with the tebe quit im beth ‘pax ts Can be Mainiamned 
under F ft. head, 
Tf with F auak, as befereQua~. GS) we Pt A= 0, and 


Solve for h,we obfax h- 42.$ 4t. as The mex head under whick 
efflux , with the large ‘porhion full, canbe Seenved. 

Bao. SHORT PIPE, SQUARE-EDGED INTERNALLY. The 
Case already treated in $$ 466 and 473, (see Fig 565), a repel tise 
of 244) presenis a less oh head Aue to ‘he SuBden enlargement. 
mi ee bce the cenhracted section al m“Litose 
Sectioual AYER may be peat = Cr C be- 

. tL. IMG Gn unknown co-efficient ar ral 
os ef Con ~aclion } ty the fun sechei a 
- a a the Pre. B yem $443 ww Kwe ws ah 
| ™T1e less of head due Ts the shovel pi} ‘be 
¥ ee. 
ess tt whieh (A= 96 3 Ss = Oy $a5 
Aq tvlhile tron Sorda’s fortacle, S47 


$480 SHORTPIPE. DIAPRRAGM m Pc. - 158— 
we have se G =(F_ it Equabing these we fund the | 
coetficrent of ; : F infeynal confiachien at m' bbe 
pt tae ee Say CaS $y 
or abeuit 0.6 Ccombare will, C= 0.6% for thin plafe con- 
Tracon § 4ST). Id 1s brobabl, somewhab larger than Tha’ | 
Smee @ Stuall Part of the Toss of head hk. , ts duets fre. 
Tien at the corners and against the sides of the Pipe. 

By awelhed Sinn lary Te That pursued im the eranble of § 479 
we may Show thal unless h is less Than abeul YO fect the 
Babe <annet be kebt full, the discharge bemg asim Fig. SSI, 
TH the efflux takes place info a partial vacunnr this Vomiting ved - 
ae of hh its Gil smatier. Weisbach's exberimentls cowfirm there 
stalen, cut $_ 3 } 

461. DIAPHRAGM INA fYLINDRICAL PIPE. Fug. 5°66 
The diaphragm being Ux “thee plete“, let the crvculay ébenin 
HAE bees an crea = F (covcedrie with pipe) while the sec. 

| Then of the pipe is = FL « Conlrac- 
Tise eccuars , To & contracted see- 
Tron F = CF, te enlarging from 
which te the sechen & ef Pipe, 
The sIream suffers a Yess of head 


whic toy Borda's formuha ig. 2 acs 
where Uv, = velocdyy ite bibe shy = % v2 =( a a :) 2 
(Seppased reer neg full). Of Cours € 24 Fi 24 


3 = CF depends on F bul sree exbertmenld are necessa 


ot aug event sit is Jest as wen To give the values of G thself 
as delérmmed by Waishach's expernuenll viz, 1 


Fer F:F,= .10 .20 .30 4o .$0 60 70 40 20 1,00 
GZ = 2x6, 48, %S 18 37 1.8.8 .3 -.06 0.00 


By iwleynal laferal filing , Fig. $67, 
the change of sedon may be made 
gradual and edely ineg prevented 3 and 
Then wo less of head Che Vie Jess of Fle. $67 
nergy } iS incurred, exceht the shaqht ae : 
“amount due fo thin frcchon along Vig Srl} surface. 


$462 SUNDEN DIMINUTION OF SECTION YS 
a eee 


462. SUDDEN DININUTION OF CROSS-SECTION, Squag® 
EDGES. Fig. 9668. Neve ,agam, the resislance is due Ts the 
suddew enlargement {rom The Cox- 
= F Faclsn at mm” te the fun seelion 
F, of the smat. Pre so That 


—. @ 50. 
the Joss of head, by Borda's pies pws Su Tr, ye 
Hre eco : Y 2a eo a 


Belay EJS 
Ps. ow the ¢«- es ds ef confrachon C , bal Ths Jailer 19 we - 
tluenced oy the wake of 2 To F Me aes area of the 
lavg er Pipe , C bew soe 40 when FL 168 sake large yi, @, 


when The small bibe issues directly {roe a large reserve So 
\het F, v. prackcally = O. For other values ef this raleo 


Weisbach Gwes the. fatlowing talele {or € > from ‘his Owe ek- 


‘periments, 
Far 2 pen 
Bi F= we .28 $0 ka . So Sor 10 "60 - 2 bee 


Se — 62% 632 643 SSF St Ua -USS° 13 E92 1.00 
SEE Se eh AE ae ITY ae a 


C berny found we Comp ule f trom eq. QQ) for use we e¢. B43 


4F 3. ELBOWS. The inlernal drstuybance caused by an 
elbow , Fiq. 569 C pi ipe Juni ; both sides of elbow ) Bccasions @& loss 
2 cs 
A Fig. $69 he 5 Tek ane ems (1) we which , accord - 
~ —— ag tee ts Weisbach's ex ber- 
: 33 See CE v lwments wily tubes 3 cantons, Ie. 


. 
mentees 


12 tm. ie Aiameler , WE Mag put 
fera= 26° 4%o° 60° BoO° 90° 100° IW6° 120° 130° 140° 
G = 046 137 364 Tyo 98% 126 1.596 185 R16 2.43 


eee 1m Nhe Smbircal forma 6 9y 57! ee aedzeien 
me és thee eects a he A asiu figure. Foy ties Bipes ‘i 
~S woud probably be some whal Smaller, 
I¢ The elbow ig-immedialel, Succeeded by auother in the 
same ‘plane and Turning the same way, Fig. 570, the loss of 
head is not malevially Mmcreased | sfuce the eddy ¢ ing Takes place 


§ +63 EL. Bows AND BENDS ‘0 


as 
1 o 


chiedly in The tH ther branch ef the S€cand elbow ; be t! 


Harns te the reverse diveclion Fi su Tee y 
but shit in the Same plane ythe Rlal : eee 
Ss 


less of head is double that of one v 
elbew ; 5 whi Je if the Plane of the Second gt 
1s “T te that of the first , the Telal less of head 
is 1% Times Theat of one alone . C Weisbach) 
oe BENDS IN PIPES OF CIRCULAR SECTION. 
Pig, $72. Weisbach bees Me ieee 
tg Ruebinical or melee fer S S , the co- 
ga efficient, ‘sg oe apsiiecsl pe que. ee. 
bi be ef aaa r ea, ch hig own 
exberunents Ons Some af Du Bual,. 
% Een, Se eee a | 
% = GAS1 +). 47(S) i 41)! far use 3K Site 2a (2) 
A. @ 
where Q = spendin s *t ) ibe , Ts rad, 5 bend (Te centre of 
Pipe rg aud Woe yeloeil re ix bibe fy ~ Less et head due Te beuz 
Th ig understood fiat: the porlon BC of the pipe is ixepe 
fur by tae Flow, meni | Mowtuer may Ke st he prack<able atts 
Yess BC ts more Thou Paree ory four Temes as 1one as wide 
ond is Feadl at lize silarf. A Semi ~ circular hexd occa 
Steus about the same less of head as. a quadrant bend, 
but Twe quad rants geo | a weverse curvem the 
Same plane, Fig. $73, & ecg. Siew cx claubi) e Doss. By am 
se leweg tng the bipe at the bend, or provide ie. 
ternal thn ‘partitions \l Te ce sides, the 
\os ot heag May be Con siderabl aiancee 
ed. “Weis bach Gives the Fol owing table 
computed from eg.(1) : 


a 
Fer P= .10 .20 . $6 PEO So, 60. «76 2. S69 Gee 
G = 13) 135 1S 206 294 Heo 661 927 L4o Lae 


US VALVE~GATES In CYLINDRICAL PIPES 


THROTTLE VALVES 27 i) y ” 
Adabimg as usual The form iss ee ce tices 
b 74 } ; { h = “s oe agli (1) 


ie ae a “ae 
Ter Wee ers of bes due To ao valve- gale jFig S24 
mr 


ee a we eed 


en am 


VALVE-CATES. THROTTLE vALVE 62 


in et for 4 Thee if & & ave » te tii — ek 
t, * < . ~% > ~ » r 
i i tite hosihen , Nereach's ex perimenti 


poy 7 Oates. 
on furnish us with @& YarGe of Saute oF 


+ nti 


a s®e@eaa, 7 | apg 
coated Sn CE ite, FPS 
ak mn Gan nea 
- 


ie ee te 


2 ‘ | 
naan.’ ad, iS es > tM the tase of OQ vatwe-.ale er 
4 ° ee “ . 2 < : 
a Teste Yalve - Im & eybivedyr cet Pope 
. & i. ve dram cler, as AsHlows : “Los ; 
& 


, 
33 4 » 
PP Aer 


~~ Ph ee PRR ee OK 


the 


= r* oe s+ : 
$ Ab : awa xX see pq ures.) wes Feet 
i | Pe, . . =~ 
shemale | it, Bee fell S@Zttau, 2 
s 


pie. raaima Fu! beth sates. 


Th redile waive 


: | | ite 
SS. EXAMPLES IeVoiving pversi$:¢ © ee 
7] ASSES oF READ. We heye subpot eas) ro eo! ¢° oie : 
Re MEP DCS Ore fut dry Jy tg ee | 
the flew, Prockcell » Prewisian must bef “F «97 ) fé vid eres 
pessde fer Mee esecbe of tre air which| & ag{is° -%9 | 
“Sotiects ek he high bots. 4 tics air = ce © 7 a¥ 
{ ” ata lenses ? Ske alimes.. aulgwadié : Y, a f i : =e ‘ ~ a : 
Mtv -walves welt Suswer ky etowits es- Ye 2.061 zs Ards 
3 Hf < sue Gimmes. an Qty ~pum mus j 3, ge vai $a ~ ee 
: fe MeO & 
te. oe : 3y* 22 
&e° %6.$ 


: eS" 7£. 
will be re Se” 32.6 
quired 0) SS° gzip 


mec ar A RO NN rg 


Fic $76 Ne : 
; eae ee a Se Ase Sasa 

| 4 7 Sagi, me gallon 
& . bee sc in:) Per Second thre’ the Sonltmucas Tine of Prbe im 

the Fegure , contammne twee Sines of eylndrical Pipe Cd = $2 
| a 5 “9 
d= lin j Grad Two elbows eae The larger. The flew is a the ety 
j atm, the set bemg tien diam. hke the bbe. At E as 90° ana 
(The corners are not Tounded ; at K also. SGuRTE, ” Poche the if 
Vb; sec. Sysline, te whick g= 32.2 : | } 
jSumce Qz. ro eo SRL = 0668 cub. ft. per sees. the | 


ely 


— 


we tel} betes ' ix ae? ; ae 
veloc. of jet is wey Qt rel erd, = 12.29 fe per sec. 


Pe a BEET ER Oe 


a i : : it a : 
te Veloce. tee Yarge bibe iS te be bast ie Y= ia¢6 = * 


enone 


Oe 


$459" EXAMPLES. RESISTANCES wipes /62 


$$$ senile 
‘ 


From Bernowh's Theoren § 47% we have (m= datium- evel } 
z bs y.® 


fer w= 90° Rica ae Pa, 


a g 4$3 , tlbews, 
-*. 4 ond for tad diminclear Aan eet ee 


q a, €q. os ee h 5 and aN tod cealft af ee, 
ical values as ahove (hating thed U,_ = V, and Us a s | 


¥ .— (2.25) 


aX34.2 a 4X- ee789K +2X, 254) *. 3604 7 ss 
412 


~ (20s) |, ItG 60623 +, 07160 4, 4243) +(. 360+ 5 $545) 
2X32.2 vefery fe less<s in lon gebibe ta Small Pipe 


"hx 2.323X 7. 3469 = 17.09 fect; Ans. 
“Tt ts heve ncliceable how small are the Yosses ot head tix the 
large Pipe , the Prnccbal reason of whieh being that the veloc 
| te Ss So smal (v,= 1.36 Ft. per sec.) aud that th gendal 
Yossies of heed dehend on the . Square of The velocili, (nearly) 


In other words | The large bi ipe approximates R being o& 
yes ervoiy im itself. 


We th no ,esislances he 0, ~ oe Me 2.32 woul) be Sef - 
Freient Snead, 


: Example ie. Fig. $77. Wit The valve. gale V hol} draw 
|. ub, ee em 12 wm Fig. 574%) required Whe Volume del(ver- 
ed mew ee ee The pi ibe There sShewn. The jet (S- 
sues from a short Stracght pipe ‘Gi draw. q.= oA in.) 


4 ; & 
3 +o = o+bth—- % us _ &f., e825) veg Ye 
eG 20 a! ei. so K 25 
tewalv tag Six Separale losses of head | for “each “of ; —$ 4. - v," 
whieh there i$ we dette eully TH fonding ‘the proper i Ss 
T er gomee the velocities and diwensions ave al} *  eeeees | 
Known , ii Consulling pre ceding paragraphs. : 
From $ 473, table for X= 90° we have .-----.... Ger O. S08" 
From $440, for d= 3, ay ua 1.36 H-persee. f= -00725 | 
i = ia ~ a “ms e ys Ikasu nie Lo = 99613 | 
ua : : 


i te 


1$ 465 EXAMPLES. Losses OF HEAD 163 
‘|set wilh Square corners in the end of the layge one. Dimen- 


Sions as me frgauve. Radius of each bende p = 2 inches, The 
oy | 
1 »- 7? 


veloal Vv of jet 
eA SR Sa Bjarne . a 
in the “aly = y 


k= ast Nat pa Simaill 
| ida thin, Pipe: hence 
Fie 577 BSS TE cy the Voss of head 
_— = lego) unt ot Kg we 
- me es 7 K —— 
: : = +. a 
Now v_1s tuknown Aas yet, but vw. ythe veloel es : 


; 2 
‘ . ee. 3 28 4 
j wn lowge prpe = ep (<4) Py 2"| = 7. UV, - From B's theorem 
4 J | 
. % 474 with m as dalum level ,we abl. 


am jut fer From 6pos ili os; yea 


5 25h fleet SMe i) 
2g Ea. eet Aa + o., «2% -—- mae ees e eh. 


; Of The <a ~ef{rcs en's concerned | clove dehands On the ee pene 
jvdlecdy v,. For the present (15 acpbrox.) put f, = . 006 
| From $473, with a= 70° 


ea ae $0 Ser Se 
From § #8 ¥Syalue-gale Se ee: ncaa ee Oe 
: hates cu Teale tends 

From 9 eS Bwith ars ¢.3'0 a & tne oe 5 ~<a 0.294. 
while od K from & %B2 havin 

’ a 2 E 
i. : Ee): | 2 — 0,962 ,whence tn . 0.7690 
a ean ag? — K = O.! 
men = ( ee Ab) 


2 
Substillvng in e7.(t) above, with via (FZ) y,we have 


| | | 
“tid, aed h vans (2. 
+81 5,45, 25 + : |+ a “[25h ) 


An whieh the Avest radical Ge abstract number, imeght Lia aal\led 


: Co effrcsent of “Se dD, for the whele delivery Pipe, 
aud also, Smee Qa pe a ail. = M&M S doh, it may be 
Naywed & Son eft cient a ef lec — With above nun bers 


a2 2X25 


gt 4X .006X Fo 
-* : 4 2 x i al 
eae °° es rs 


| 
| 
| +.183 


§ 485° EXAMPLES. TIME OF EMPTYING ; 


16% 


¢. ber 
Us OUR 2— b = 0.421) 2X 32.2X25 = 16.89” ee 
CThe 421 might ae oe coey. of veloc.) “. the wal. de- 
liveved Ys Q= Swed sy “ CSP eh $7 = 267 ck i. ber.” 
‘persee. XY Lm & j ; a a eal AN 
CAs The sechiou of the yet FL =F, that of the short pipe oy nozsle 
we might Say that 497 ZMK = Co-ef,. of efflux, for we mea 
write Qa me Saah |. Ke 421) 
466. TIME OF EMPTYING VERTICAX PRISMATIC VRS- 
SELS COR INCLINED PRISMS If BOTTOM 15 HORIZONTAL) UN- 


EeyORIAGLE HEAD. Case T. Through as ordice oy 


short bibe in the betion,. Fig. $79. Qs the ub ber free Suvface 


of aveg = BS stak $ , Phas Con shan? 
Let , a read of walter of ayn slage of 

The cusp lying sit = = at the oulsel and 

f KEN S = Q when The vessel ts empty . At any 

» fi ~ inslanl Q@ the tele oY discharge (= val. | 
fer Tee enit ) clepends on Zz and is 


Qa KF 292 weer nn.) 
wh ere Ags cone, ay eff lux ms J a 
ie <o- ef. of Veloce. X Co-e} of contvaclron 
Csee § sy eg .(3) ). We here sepbose Fs, large <owpaved 
Meth & the aren of the Ordtree Vat the free Suylace ot The 
wale, tc The vessel dees net QE Mare See | matakle Velen, 
ad any slage , eud thal hence the vale ef effluy is the gaure 
or one Instant as for a sleu flew with head SZ, aw 
A Zero veloc, We free suyface 3 i 1s Sonsidered cor slant, 
| Frenm (we have 
av« (vel. discharyead iw Tue at) = Qdt= MP A252 dt ...2) 
But this is als. equal Te the Vol. of he hora lamina F ‘dg Treo! 
which the free suyface has sunk Whe Same m2 at. 
= : 


. Wi = Fd = mE lag 2 ‘at ; dt= 2S ge eae 


tee, 

We have wriflen Menus Faz be = ES 2. 
f cause, dt beng An Mevemenl Az 1$ 2 deevement, To reduce 

| the depth from” Z_ (at the slart time nt zero) To Z,, Cemands 
ee) ps oF? f. % Ge 
; alin: e [ a A - dz= 2 = sf ) 
: : Z. 25, e———— 6 « 
af ee MF lag z, erg L \ 


Se | 


| § 466 TIME OF EMPTYING VESSELS. 164 


whence by peutlon z= O, we hone The Tune MEE ESS Arey 
| To emply Me y ah 9 FY, 2 i OE . IVa of nase, 

whale prism : Pa re tat ON ME ects, 
eke 4 eq C5") Fay 49 je PW 2az me ae 
| That 18 , Te emp hy The vessel veg uives Pon'ble the time ef clis- 
charg in the same Aamouyt of waley ij We vesse} had bee» 
| kept fun (ot ¢onslant head = Zz = alKtude > Prism ) 

on le the Same vessel Yhreugh aun orifice im the beTlen, 
the How Vhrowgh which ts Supplied From a body ef water of 
int mite exlevt horrzonlany, As will the (single) canal )eele of 


—, —_ 


_—_— 


a : 377; wil} obvrousiy require The Same Time as given om | 
4] HEAD WATE a ae eq.) above | Stuce the effec - 
| Fig. 317 twe head = diminishes hrows 

TAU WATEIC . th 9 According te Ge 
same law, 


| 20 Sq. ft. while 2 = 6 ft. ay from 24 .(S) (it. }b. See.) 
Mimest 2 2X 20X (5 13620 Seconds 


= 


ee os 5 h owys mer : Sec, 
4 1 a2 son : 
Perse) faxsca (FF. 8 


j Case ay Two Comin unicaling prismahé vessels, Re- 
Meee me Time Ts come fe ce carmen evel ON, Fg S50 
: . . ; } 
oft lax Mak img plese thes a Simal\l or- 
(fee of eae = Fs under waler, 
At cuy nslant Re realJe of eli's ~ 


charge 15 @ = Aad 25z os be. 
B [es : Pye: 2= Aff erence of level, Now 
Fig- 580. Y Fo and Fi" ave the ‘noviwonlal sec- 
BD tions . wf the lwo prismalic vessels (aves verlical ) we have FroFy 
| and 2, whieh= Xty, = X+(F°+ F')x oe = 

om. X= zm my tt = | and dx = dz ak te) 


iceman 


f embhying 73 


a 


a 
oy 


. 
iP 
‘ 


/ $$$, 
3 +S 6 TWO COomMMUNICATING VESSELS 166 | 
— >. have ima | ase Fie" see | 

me) * i uf Fe: PEA 2G 


V2 ‘2 
2 


‘ " 

Time for The off. af level AFF is, eee 
To change fro Zz, To Z 
and ,by ba eli ©, { ie a6 “ abe a QO 
Tame of pseominen tevel FiaR" ME Q ret ) 
Algebrace Example. Th Te double loele in Fig. 58), 
Veo z let Lb 1, while ¢ 
Wee = J Kh he be fall, while tm 

K... LY the waley sfauds al - 

a level MN = that of Cad 

: eer. Fo aad b™ aye the 
Fe hovizontal secNans of Mie 
~ prismahe locks, het the 
orifice P ane befween Them, be 


Heuce , infeg ralin’ : the t 


—— 


Rig. SEI, 
ab ov depth = h; below fhe ini kal level KE of hse outed, a hegh 
zh, above Thal NN, ots et he orice at O area = F be 
tw obened, etflux from L hegins tla the cur aud Ie lev- 
el of ES gracuaNy rarsed from MN fh OD, while that 
of L* sinks from KE f AB adislaace = & | Sombuled 
fyem the velahoy Vol. Fa = vol. F'°), 


occuhied is. Dm 3 
eet = [Ja -Ja i... ss 
MP2s 
As SOon as © i$ sub margecl ,ef flor Takes hlace under 
waley aud we have aninslance of Case IL, Hence the 
Tine of teech mg ® Common level (afley submersion of Q) 
Merman) ts -¢ | AFR Teeeee ( 
4 ME CR OF (oe 


Paine tolal Time js ick lt) ee Ph +P, 


Case JT. Emptying @ verleal brismalé vessel thro' 
On. reclaugulay “nolel i the side, or evertall. Fug. SET 
As before let even the tnifial aven (= z, 6) of the nofel be 
Smal Cem bared with the horizontal area Fu of tank Let 
z= debt of lowey sill of noTeh below level of tanlx surface 
at any slant oe | h= width of noleh tek pot any (K- 
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‘stant (séc eg.10 $464) Pan 

, 7. disen. (vo). Yon = (=< 2 ude Jigs = = ac b,J2, 2% 

ae dach * dt — 4 M bl 2g Zz % at 

. Qnd puileng This = — Fda = wol.of 
waley lost by the tank m time dt 


2° one 


~~ 


ge 
Sart 
: 


wv) 


\ 
‘ 4 ae. 
| Li Ae | Ce be Se 
962. fae o> > 


Pes’ if +3, ayes rcs ar aA 
2 pose. Y, ie a phdae LK 2 “pbJe, we a 
Meine twme im which the Hanke surface simks from @ hehe 
a above sal Te & het ghi a abay- <i}. if Mew ima ware the Time 
i tor the waler Te “Sink te the lee’ of the $7) of he ne nalek 
2 put Sy, = Z¢yc , vib , a bin Pin: wy. as eg planalory 4 of This 
Presall mote That as Zo Mimimisnes ret only d ces the velocity 


of flew Aimiwsh bul the ueedla le @rea of off leg f= 24) ; 
alse Grows Yess, whereas tn Cazes F and IE the orifice of 
effec Peek tned of conslanl atea a F 

466a.V\ME OF EMPTYING VESSELS OF VARIABLE 
PORIZONTAL SECTIONS. Cousiderme Tequlay G2am eirical 


¢ orms first le¥ us take Clase Ys hy bone shaped! vessed 


B29" Trovinarla Aud uncer neath (C2, ite The edge, Se 


“ae Pret 2 The MES ae iS alwa gs the 
; ' altitude st a Tiaugle similar Th The 
Sechion ABC of the b of waley when 
eft lax begins. At con wslant duvin 

a en efflux The Curec aay of The free sur- 
 feace WARY vay vari able here » Takes the blace 


of Pave <7, 3 of § YESS” mee 
[FoR AWY case oF y EE st Dz 4 
( Y CASE OF VARIABLE FREE suat)..dt= Sz zaz {te) 


Inthe presen’ case os al , and from Sim- BEAR. 
Vay Triavgles , mee <8 B's oe ea $= Bla a4 and <t 


~blz%d2 78 HN ay) (%_% 
Pala, |. AF a3 {> ka Ee =2 | 
ag S © pb tke Ree AF x Aq 


, 


S456a qv. “ME oF empty § GF . 


= i ee 0 en een oe 
ee ee eo 


ig aes 
in 108 seat ae + “a blz, Ly. 


whole vess2 EY / Ss fs Se et 

(but 22 0) % KF 49 =, 3 initial Taal of disch. 
S 3 As low as Ty pester 5 fhe Same vol- 

wm e of waley uuder a CE ae ae ae i “¢ Also ue when 


“2 Lends are oblique. 
Case > 3 Right Seg ment af shale de ‘el of Tevalechor 


Fig. 964. Axis vertical. Orifice at verlax. Here the Variable 
tree “asi ace ‘has ort: any inslant Qnarea m= S$ 
= ar u* > bemg 1 the rod ues et he Civcle ang 
igen From & pera pp evly of the bavebola 
ee eae, Hue (4 eS 6 a a 


| 
! 
| 


o 
4 1%) 
: (Sec ez. 10) dt - ~Wb 2 ‘2*d2 ae ee 
MF z al Qe 
fo 
3 jon a Tt T> oe Vo, < g 
———_ iat 4 Peg et 
J 3 - L re) . ) g ‘6 
: meee KEAN, = 
Ps Pa} J 
empty he ¥. qo 222 a ty 
ey 1 jthe 7 ine = 4 q Oa <— = tole vel. 
eo u“ a 
@, = 0) . ; ae 24 oe Olid, «f vale of diesel 
a's TESuIT as for Ky 
ae Staged Ae ike aon Case a rs Aw fact apblies fe re) 
4 Be sh. Grecs of rarionfal $e 
with Their hesghls cleave onthe. | bhaes a divectly 


Case Tir 
DE. Any pyramedlgr Comes ‘pverlig 
Pits Small srigrce th Verlex Fre S¢ 
Re Zs i. res 9. $’: Debieas 
iT les ee at hb er. edge of vesse) 
At Any Slage of ihe flow S = Area, ef Lobe 
of by Tamra = wale, From Simi lay py ra - 
i as 3. te) whe = :z% ie S- s, 2% 
a same = a 2° 
% Aig - “at froin €6,10, | as %, ] 
| 4 ee oe 
trp a © % ss ik Ag 
| 7 dy a o z4 
toon ae = mi = G Tet. Vol 
Pai fe Sys 
Case IV. ay Mice lauryl, ae ° a a Soe 
5 A oe 
a that fs cin & a shhere, of rad = oy Ei tee = eres 
Mare & seaall origece Fin ‘eh a bart 


‘py 


§ 487 TIME To EMPTY IRVER TED OBELISH 


4S?. TIME OF EMPTYING An ORELISK~SHAPED 
VESSEL. A reserocts having this form (an obelisle may be 
defined as a solid of six pblane faces Two » whith ave reet- 
an les ™ i blanes &yw el with Sides vespechwely th, the alhers 
Tre ezords; os Frustum of ex Pyramid e & pariiculeay ease p 45 
sf Common eceuvy ence 5 see Fig. 58S. het the alhlude = and 
ok ; eo te. the mp redangealar faces Beery 
a one as ie fiquyre, 
Ang pote eee 
mes 6 3 ?% < the ubbper 
a base we dorm & veclaugleé KLMC 
x Y oo req. equrad to the tower Fase. Pesduce 
ns NLRB ane KL tN ond jem PG 
oe ond NG. WwW ove naw wi 
the solid inte a baralladepibed eee hes a j here 
PBNL-G and Two wedges ¥i2.2 APLK-HG nee aku peu 
thery edqes horizont&l » aad may oblasun Ie Rime netessar ee 
Ty The whole obeksie~volume be addiwgy The Times whiel : \d ee 
NEeCessavy To evnbty Phe aia oi Zam havi ent v Vc pene 13) i 
the : ee aa © mes Sebara ? 
i‘ ame ovitee er pipe ta the beflom ‘plane EG. These 
have been alveady delermined in $$ 465 496% 496 7 
Aim Qusiowns of each Sombonent \ 2 ? a, : a€. 
eet ts laa a UME may be exbressed in keys 
»and & au @ fom ‘od ok 
Assuming the orice Te he in the ce ee goose h ‘ 
pee! Age liom jor else That The dis- 

5 dow | and of the pipe if Such 1> used is i th ? 
bellam EG we have as foNows a a ee Ge ee 
Time Te ev. 3 sph SU ai x of discharge 

: NY the bakall)- | 2%.1 : 
oprped Separa ely would be (Case § 45s) “t= i AD ( 
Time Ts ewb fi The Two wedges fe 24 a ) 
Separately fase t $ USba 


> 
“For the > ta 
Bh Pens o 2. QA 4. 
Case IL Be, t= ee J ) 4) 
MF Ra h as (3) Hence Te erp - 
“ES ex vol we 53 hy the whole 


fad t trondt, wta[SbL4 6k1 424901] 228 van (ZY 
; ES aed i 


. N= Go fF, b= 10 ft,1,= 20 ft.) aud deh bei) 
ewe | th of waler h= 16 f€/ . 


Ar) 


& ale: dott 
ty Vim 
ie 
MV 
a ais, Ajay 
‘; 
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he emptied through a shracg ht lyon pipe Aortrontal,and leav- 
wq The side of The reservoty rlose to the bottom  atanan Je 
a= 36S with The ther plane of side. The bibe is 80 it. long and 
4 inches te infeynal diameler ; and ef eleav suyface, The yet ; 
lestces dive clly from this ‘pipe nls The aly and nence Fa leg. 
$q.feel. ‘To find & the “<oeff. of efflux'G b The ¢o- eff. s 
welocily ta This case since There is no conlvachon at deseh.orif. ) 


we use eq-4 (the first radieat ) poll fF Approx. = 006, 

aud oblarn = 7 = | ‘oh Tip laooe = eS ALES a Ae a 

£ oe AIS, t4F 5 aA ig 4 Pee ee 
CN.8. Sinee Me velo cilay in The pibe diminishes from ee 
VE BOISRAKIG = U6 fe-persee. at the besmming of the flow 

Te va Zerg ak the élose fs 096 is & yeasonable abpratmale 
average wilh which Vs cambule the average ¢ akaue 5 see 3 474 Gy 
Pence from eq. ¢ oF thas 8 (tt. \b. See, $y slew, 


) 


) 
¢ . L3X80X60 + BX10X 20+ 2 CS oKZo+ 20 X66) | au i¢ 
| 18 X0.361X B (Lyf ax 32,2 


% Probably wilh 22 
= 31630 sec. = S hrs. 47min. (0 sec.) " 


or 3% of the Trull. 
“Uu6%. TiME OF EMPTYING RESERVOIRS OF IRREGU- 
LAR SHAPE . SIMPS« N*S RULE . From 2q. 14 9456 we have 
foy the Tne fe which The free surface of waley hk avessel 
of am shee whatever sides thre’ a vertical dislance =z 
opie Vo 2s 4, - fr2 
at= > Bz tz whee E : phan ce c ~i 
me. = a 
pRR, Sz az 1) 
Zz 


7 i 5 
4 (8) 
where & is the variable area of the free * surface al an 
inglant aud z the head of waler at the same iusfant , efflux 
‘preceeding Threat a Small orifice Gr ex lremiliy of Pipe) of 
avrea= F. if S canbe expressed im Terms of Z we Wey iw 
Tegraie. eg.(1) (he. provided that $27” Was @ Known ald -clevivalwe) 
out if wot she vessel oy resevvoly beway Irregular tu form as 

Ihe Fig. 5 $6, which shows a pond whose bellow hasheen aec- 
| euyalely suyveyed so that we knew the vajue of S forany 
slage of the em plying | We com sll Get an approximate solu- 
thon by uesimg Simp sous Racle for abhrexunale inlegrahen 


2 ee 


(ING Pond 17/ 


ete tet 


Accordingly ,if we Nig airy e the time tw. 
whiek The surface will smb 
ag. Ke from O Ts The enlrance € 
ee aes .o of The pipe i Fig. S86 (er 
: te any Pome shart of that } 
we divicle he Véerhical el cg - 
Tance from O To wn (4m 


; Tacs figure) inte an even 
number of equal paris and from The Know h f ove. of the pound 
compute the ayea 5 Seibel siete te each point of division calling 
Them oi oo... te. Vhen the required Time is abbrokimatal ] 


. Z-~2 ¢ s e Us a 
on a j > 
te |S. (5, 4 55.-) 40/505 5 Vo 
BF. ies Wiz lq za z ty 2 I y, ~ a 
“ae 3! : : a a zz 
Example. Fig. 886. Suppose we have alipe Em of Same de- 
Sign as tn the examble of & FET and An mEiat: Kea of a 16 F. 
so thal The sawe value of Mo . 35! may he used. Let 2-2, 
= § fed y ond dwide thes iwnleyuat (of B {t.) inte tour £qna\ ver- 
teal Spaces of 2 K, each - Tf at The resbeelwe *momls of diva Sion 
we Find from A Previous See Yat 3. — le9o coo 3g. ft a 
~ f = a 
$,= 320000 sq. ft; 2s 210 000 so. ft + and § = 2r0 200, 
35 1So i, " " swhile n= 4 > Be 361 » and the areg 
BE M(F) = 08735 5q.fb 7 we abba (ft-lb sec.) 


it 16-5 ——. | 4oeooo 4, 4X 320 000 
Mee! X.0673Jays2.2X3X4) Jie t 


as eee Sete eo 1Gooo0o| = 2444000 Sec. 


irs Mien dS 1 = 20 


The volume discharged V, May alse be Found by Simpson's 


5 
* > . ae 
7 Rule, ae as Since Pae\, imfin lay MAN henaovt. lam ina has a 
© 


velume lV — ~~ S dz oe n — é 
we have (f4-Ib. see) CLs SS dz, and with wa¥ 
320 


 ™ a R~% ound 

| Was te Loooop + 4 aveae + 2X 22o00cy Hee 
: = 2,160,000 «ub.f. 

| #%7, VOLUME OF IRREGULAR RESERVOIR pe TER-- 
| MWED BY OBSERVING PROGRESS OF EMPTYING. Trans 


en eee 


B47 VOLUME OF IRREGULAR RESERVOIR [72 
forming eq.10) § 485 we have Sdz-— ~ MFR ~ at 
But Sdz is the wfia lely Small volume AV of waley lost by 
Hee ae dn the Tune dt, So that the volume of The re- 
Servoiy belween the initial and final (0 and nn) posittens of 
the horgoulal free suy{ace Cat beginning and end ef the lime 


HD) may be wrifeu Ew = flag ie Y Qt vee) 


This Can be inlegraléd aphrox. by Simp eas Bors, Rule 
Pea", . “see ° 2% ? 
Oy if the whole hme of enp- 


bie 5. e i Ty te be dwided mls an e- 
= 2 ee ven number of equal paris 
and the values Zig Bis 
Zo wale of the head of wa 
‘ ee ag is Ter nofed at these equal 
tnleyusis Sj Sime (nel of vevtcq) hehe ). The corresponding 
Suxface blanes wil\ not be Qgucedcslanéi verhcall ,tegeneral. 
Whence toy Me parhiculay CAS € Ae is dy a 


see feq. 58?) 


: we 
Vol be = 7 FJ? f att : Gee Pos 7 
: ; 5 ; = 4 i — eA ' ~y Zz 2 r. é a 
| Tween planes ° a4 pa FR t,~9) zt 4} = ee r+ 22 Zs j (2) 
aX uf ches ¢] “4 i 


- oc p.V Ky dro dy namics Continued 


PTEADY Fhow of WATER tn Ofen CHANNELS. 


ley Om shen channel 43 tn ww ers 
Canals, mill-races , W alex. courses 
Ar lakes yile- the bed and banks be. 
Ing Tigtd, the ub ber surface 1S 
free To confern im Shape fe the 
dynamic condilions of each case, 
whieh <. regulate to that exlent 
the shabe of the cress seclion | 
Tuthe veriical ransvevse sedition AC & gguve , The Ye AC 
is called the airprofcle Cusually fo be considered horoulal 
aud! Traight) while the line ABC, or profile ef the bed and 


Demles jis catted the welled beyjmeler. It is evident that 


i“ 


RY fyi d 


id! Ly 


i 


8470 OPEN CHANNELS 
the rake of the whele welled bernmeley he the whole pernn eler Though 
ever < 2 : varies wilh the Toren of the Transverse section | 

Ine dongilirdiy al Seehon of the slreanr, EFGH, The cum gle mad ¢ 
& surf ace filam ent EF with the horizontal 15 called the slope, 
aud Js measured toy the valro ey N i where 1 is the Leng fle 
of a vorten of The Filament ana h = the Fall or ver lec) d's ~ 
tance belween the Two ends of Thel length . The ane le belveeu the 
horgowlat and the Une | G alens the welTomn is rot naccssanly 
= Thek of The Suwface ,anless the “‘porlon of the sivcam forms ou. 
prism! the alobe of the hed Goes net meeestarily = So hat of surface 

Examples. The sld Crolon Aqueduct has a skbe of M10 ft. 
per mile jf.e. Ss = 1.000208. The new aqueduel Cher New York) 
has & slebe $= .660/32 7 with a large Transverse section Fer { 
| large Sluggisl rweys $ is mueh tmailer. | 

Ai, VELOCITY MEASUREMENTS. Varus tnshtuments and | 
methods may be etwhpley ed for Frcs object some ef which aye = 

Surface flocls; axe smatt balls, or pieces of weed, sfe., 30 cclov- 
€d and weihlerl as te be veadil Seem, and still had Witle affecled 
By the wind. These are atlowed lo float with the current in differ 
@nt ‘parts of the width of the slyeam aud Yae seaxvface velge 
¢c nw each exbermment Computed teow e= Ay = + where i 1s the 
dislence deseriked belween povelbel Transverse aliquinents(or, 
aclual Yrebes wheve possible} whose Acslance apart is Measuredon 
the hank cud t = the ume eceubred, 

| Docble-floals. Tuo ells (sy stmall kegs) of Same badk and 
Condition of Surface , one Veghter fhe othey heavier Thar waley, ave 
uniled hoy @ slender chain, they wecahts emg So adjusted that 
=a suyjoce tthe eht bait without Projecting wafably akoue 

—S | SS the arface , buoys the other ball at any as- 

Stqned depth. Fig, S89. It is assumed that 
the Combinelion moves wilh a velon Co en 
qiel Te he orithwmele mean of the Surface 


: Tayi veloectiy e e+ he. shy eave and hat > ¢, af 


the woaley filaments at the dep Tl 

‘ t th of the lew- 

er ball which lailey sna Gemeredlly < C. The ts We have 
é { ? ‘ 

c = 9(G.+¢) a2 cae RG! er ge Co toe cee eee 


‘Shak is Oe te Previously obtained, @¢. (1) Gives Nie 
velocily Cat aiy debt of the lowey ball, oe” being oh sevyed, 


S491 CURRENT METERS ck. ("2% 
The floalin: sla tf tS Ow hellaw rod j of ad justable length , 
weghled To floal ubright with the toh yust viseble. Its observ- | 
ed velocily is ASSumed Te be an AV eYAg e of the veloethies 
of all the fdamenls Wye between The ends of the rod. 
Woltmary's Mill j oY Tachomeler » or Currevt-meler, 
Rig. 370, consisls of a small wheel with inclined floats Koy 
| of @ Smal} “sevew - bra bejler " wheel) held with ils blawe 1 
Te The current, which Causes it revolve at a Sh eed near 
—— we | oe Prep orfona) Te Me velo erly 
2 2 ; ¢ ‘ sf he waler passing it 


=By « sevew ‘gearing én the 
shaft, fonnechiou is made 
with tA, Counting abbaralus 
TS record the nam bey of 
- vevelulicus. Samelinves a 
 WaNe 15 ANached te eonbe) 
the wheel hs foce The <ur- 
rent. TH fs etthey hale 
at the exhemif of a pale 
Vee ov, by being ad juslable 
along & staff fixed & the 
bed , may be Set at Any cle say ed debt below the surface, 
TE ts usaally so desiqned as to be. thrown im and cut af Sear] 
by & Cord and Spring » 922 Frquve sthat the tme of male ne 
the indiealed number of revalultous may he exactly Noted. 
By experiments tm currents of known velocities a lable 
oY jormuda. Can be conshucled by which 
dicahens of any one tuslrumendl 3 he. ty fad The veloeil:, ¢ 


“Woltmaun's Tachomeler, 


~ Consisl§ ™ brmmechle of a vertical lcbe 
shew above while ils lower end 
= ae Fig, also oben, ts bert hor:zonfalt 
= up slream ; see Anu {egure, 
ee afte, the osetlalons haus eas - 
Cc, The wate, in the tube re - 
Mains ste lonary with ls fred 


\ 
’ 
« 
. 
i 
. 
. 
; 
t 
. 
‘ 
r 
‘ 
— 
i é 
y 
. 
7 
3 ‘ - on 
ye 
‘ 
i oP te a oe % By. if 
: eee. 
: 


$471 CURRENT-METERS ee, 
Buyface @ leigh’, Wl above that of the firemm, on aatorstt of 
the tonlmucus impact of Ahe current against the lewey ew 
B, The addition of another verleal tube (see Th in jrgure} wre 1h 
the face of its lewer (ebenjend Vo TS the Surrenl(S » Phot Yaa weley 
Jewel m it is The same as that of Mae aay rene ybeth tebes bere 
“bravided with stobeodks, we a ofley Turns the slob - coches, 
TL the abburalus fivte a, beat ana vead oft the Weight w at Yenc 
ure. We may alse cause beth columns of waley to rrount Shes’ 

avide tubes InTo convencent tubes ix The bead by pull ag 
the taph ev quds of beth Tubes im Commiunscaltorn with es vecaiver 
oF varefied Aly , and Thus waleh The sseitlation § Gand olan amore 
accurate value of hi [ See Van Nesirand' s Mang. tov May. 1 
>. 455° aA e 3 heerdlealty sthe Thies eks of The waits of the The 


at the jewery ene being fam sites able » we rave gg oe * 
« , C= a & i, “ % th 
i cy ae 
Ce & VRE AOW  Valw can Ss @, i ot The pase lela 3 : “ 
* z ° a mA ft o ‘a e * a % i 
traps ging oh The emery aud, and the sfahe ecght ay” (3 Si4) 


as : “ > * Mie’ 
&4 4 is wevifvead fairly weit fr prackee. For inslanee , Weis - 


ee OS NR Ee Bit ah 


Oe 


bach’ 3 axbevin ants wit, a dine iva Shregees enk , msed with veloc hes of 
from 0:32 Te 1.2% metres ber second Yound ex[5,54/h tes mat] 
emg bree 24-0) gwes ca15 19g Phd. |matpenee 
Pilot's tube, though simble,is nat so ac- Lace ee ae 
eurefe as the Tachomelery. | 
The Hydromelrie Pend uluni, a rather uncerlasir instrument, 
13 readily tinder sfeed from: Fg. 592 . The side AB. of the quad- | 
k ¢ rant ABC heme hald veylical , the plane ef the 
Fig. glen is made ll ts the current - The on - 
; g'e © bakveen The cord aud the verheal de- 
9792. ‘pends on lhe weight G of the ball Cheaviey The 


} 


ew 


st — water’) fud the amount of L the twa pulse es 
—?7, ae, - ’ : > 
© Ee’ ees horizoulal pressure a The Current agamsl the 


er later, since Whe card will Talee the chrechou 
ee Yhe resulfant & , for equilibrium. 
| Now PB (see 514) {or a ball ex Given $1z@ Gud Chavaeley of 
Suyface vanes (near! Jas the sgmave ef the welacrbe, p RTE pe 
is The wepulse on a ques stalonay y hoM whew the velec= eo 
When for any ofhey veloc. Peinpulse = P’ oe ore 42) 
ee: / 
; te ae 
Hence from This and the relat: es Cequil} ... Tow 8x PG 


Se ee 
A te tt ie 


oe 


- 


VELOMTIES IN OPEN CHANNEL. 


es ee ey ltan @ ats eta te nD 


Whoa gwen islrument and a sheen red Sy Slem of ants the 
Mamerical value of the first radical tay he delermuned aS « 
Single quaniily, wy Cxbervinmenliig with a knawn velac. and 
ese af 6 then tndvcafed , and may then ,as a couslant 
qecler, he ensbloy ed ia (3) for fimdrceg. Ihe value of ere any 
dh served value of § ; but the Same walls must he ased as before 

P92. VELOCITIES In PIFFE RENT PARTS SE A TRANS- 
VERSE SECTION. The vesullg of veloaly -measuremenls 
made by many &xberimenlers do not Agree ne SAbporinng an | | 
very defini le relatian "belw een The ayveatest Sux] ate velociig{e men) 
e a transverse sechon aud the veloedias at other points of the | 
secliow , but eifablisk a few general probe sihons 

: og Ie CAH verieal line the v e\acle, 1G a cn (ee quade 
neay the Seaypace Gad dimmeshies from thal hott bath taward 
the beflow and toward The surviace. ; | 

arly In Aw horyonlal line Soe valocctiy 1S BMarunaun bear 
the middie of the slr ecayve 3 Armarmr shin be ward the hank 35, 3 

3. The meen velocelg = y,ot the whole transverse section 
ist, he velocik, whieh must be muilblred ly The area Fs ae of Hie 
Secliou ,% oblam the vel. delhuered per anil of hue 


$47! 


_ y 

wi, @Q= Fy ee eit ge A a ee eee 

16 Gboul $3 per cevl. eof the max. surface velocciy (c mew) 
observed when The air is sliijie. 

Ve -O.83X 6 «020.5%. (9) 


Oo} eqght exbernmenlers clad b Prof. SS RORR | 


Bowser, only one gwes a value (= 0.6 2) differmg more Than 08 
frome .53 while aay : oblamed the valees. $2.79. 62 ,80,.82,.83. 
: In the Survey of The ie had ad Rwer by Humphreys % Abbet 
it was found Thal the law a) Varicltion of the velocity te cay QWven 
verkeal ne could be fairly ari vebresenfed by the ordinates ef a 
parabola (F's, 393) with Vs axis horizenlal and tg verfex of adis- 


_Suvt ace BO aca ds Tasce d, below the surface Gecordina Ie 
ot ‘ ue . a : a e " ° 9 
=i ca gee 7 H The toll septa relehions , bemg a number 


ea | Eg. Sq 


$492 — veLnociTies In OPEN CHANNEL. 177__| 
where cis the felal depth and the double siqu ish be Taken 
+ for an up-stream wind, — for a down-threan . The fol- 
lowin relations weve alsa based on The results ef The Survey y 


(hattong for Wrenty, B= 169s Saat Jere) | 
| 2 ‘een 
c= 4 ~ Bbu (3) --O) S52 F445 t FGSHO 


emg %4= cat + 1Bv (71) UNITS Foot AND S&ConD 
=e 


EE EE es ee 


Tr these <q-S e= weloe. al aug debth Zz below fhe Suxface, 

Co. = mean veloc. of the vevlieal curve. 

3 = Mek. ‘* = at pit C5 vel. 
pate aT micedepth ; at Udtian 
a, ana Us Mean veloc .ot whole seelton, 

TH was alse jound That the param elzy of the borabola vored 

inversely @> The Square root of the mean veloc, ae of eure, 

Jn qeneral the - botlon velocity (c,) id Somerxrhat mere Than 4 
| the max vel. (¢,) & the same Vertical. Ja the Misssssibp, 
| The veloc. af mid ~ depth in sel, vevlical was feurad Tr be very 
Nearly 26 ef the surface wel, in tame verheals Thi fal is 


« 


ba jo 


Ina orfant aS ae: Simble fies the abh rox, Gf Auntie g of x slrequm. 
£3. GAUGING A STREAM GR RWER. Where the re- 


alten (eg. 2 8 C92) Va 3" 1S nal considered aecur- 
b gh Dahliteee 8 7 , Yrlume 
GIS Enorrg for st Shilton th Q= Fy te oblans, the 


| Faischavs (er Aehvery) a of a sheam bev Trme- anid, The Trans- 
werse sechon may be dwided inle a nuwherv of Subelivissons 
Pen 4 as : 
is Ma ke a a, , dy 3 ele., aud the re- 


spectve A earn veloahies , 
5 es ale. Compuled from 


Fig . ni ee My easuvemenls wth éurvesd 
meblers ; wilizute we ma 


| = QA e+ *,0,6, +4546, t de, <+s-sond J) 
m With a small slreaw or Atel , however 


verhcal ‘bea ck tag 


> we ners ereet Oe 
aud allow the weler flow throngh a 


GAUGING, | UNIFORM MOTION. 175 
ay gotch er overf{fall Fig 595° nay aries SE Se 


“= surface has become permanent 
RY / measure h C debt of sii below 
the level suvface Semewhal back 
7 cf beards) and % (width) aud 
- use the formulae of § us 45 
— ITVS. see Exawhble m that artile. 


UQu UNIFORM MOTION IN AN OPEN CHANNEL, 
Wie shall now consider a stracqht sfream of indefinite 
length in whick the flow is sleady , i.e. a slale of Per neay- 
tney excslé > 25 dishwgush ec trom a freshel or @ wave. 
Thea iS The flow iS Teady when the waley sao ftx- 
td values of mean velot. UV, aud. sechonal area T, on bass- 
tag & Given ‘emt of the bed or bank ; Guei the | 
EQ. oF CONTINUITY... = Fy = Fu 9 v= Consul ait 2) 
‘helds geod wh ethey these sechons are [que oY not . 


_.By UNIFORM MOTION ds meant that (the seclon of the bee 
mm A banks being of Canstaut Rze and Shabe } the slobe af: The 
bed, the quarts of waley (vol.= @) flowreg per Tre cane, ceed 
the exleut ef The weiled perimeler, Are So adjusled RB each 
ether thal Ihe mean velocih, of flow ts the same taall frans- 
vevse sechous aud consequently the area aud shabe ef the 
_ | Wweessverse seclon is the Same ot all powls: aud the Slope of the 
d 
surface, = thal of the beol. We may <. cousider, for Stebhe- 
i& , that we have t deal with a prism 6f wale, taddtinte 
af ee : rough \° Con 5 lay, augle | > 
Jeugih sliding flown an inchned bed wilh aneform velocile, 
fe, The mean veleo¢ = VU common & all the seclions (25.2 8 €92) 
h.¢. There 1s tte acceleyalion. Let Ric fi S96 Siete free, oo 
Portion of Thad brisim, of lenalh = 
Aud having ls bases 1 Ta the hed 
aud surface, The hydvestahe 
hressures at the two ends bal- 


} ~~ eo ae h ance @ach cli, ey from The identi: 
. > “J : . . i: 

a = Saree Ty of conditions. The onl forces 
| —S <—. having components i te the bea. 


—— . 
TT fidhon FOG amd ‘surface are The wacght 


_ 


£%23 


Ld 


eee? UNIFORM MeTION. OPEN CHANNEL 179 
q= Fly of the prism Cwhere p= heaviness of walter) mak~ 
mq on avagle = S G slope ) with a normal Ts the surface 
aud the fri elior helween the waler and The bee whieh i$ au 
Te the surface, The amaunt of this frelon for the Prism in 
que siren may ke expressed as 1 3 469, VAh.s 


¢5 2 
P= frei = Sy Y. - fwi nee a Soot I SA ne 
meee =) Sy = fly Te ; 
” whieh 5 = w) = yubbiug sur{ ace (area) = welled pevine 
eley > X length (see $ 495) and 5) an ah slract numbed 346 7) 


Sinee the mass of waley te Rg. S@6 is supposed Te berm welalwe 
equrclibrium , we TREN abpl Ts if: the Naus of moaliau of « rigid 
body , and ‘Stance te mohonw is @ uncorm Aranslahon (§ 109 


the compowuenls i} tT the surface, of al the Jorces must balance. 
. 2 ? 2 i 4 

e 7) a : a ey ms % s ey} ‘hy ) a5 - 

-”, G sin 5 mast = P mine. to. on road bee oi = 5 


whee A= 4 “ao x see ow, n= fi vt ...(3) 
7 ee ite: 
mwhick Ew is called R the Aydratl¢ ™ ean cleblh, ov 
hydyauire yaciics, (3) 15 Sometimes ex pb resied by Sayin 
that The twhole fall, or head, hts in Uniform molton ab- 
Sorbed ws friction -head, Also Stuce the slope Ss= h+] we also 


have (2 | Ss 
| = 2 ARs; or (net ache Se A Ris...) 


5 2 CNEZY’S Formula 

The cone{ frcrent A= 12555 is mal like 4 au ah shad number 
bee is Huwerical value deb euds on the sy stem ef units embloyed., 

The co-effterent of Wouid frichion ”, , oh river beds is Some- 
whal qrealer than that in pibes (5 414.0) aud according Jo Kat- 
Ter and G anguvlel Sebends net only an the veloaly sh ele EY al. 
So on the slebe S you The value of R The mean Nydeetee debth 
aud upon The nalur 2 Goughness) of the bed, < 

Eytel wen » AS an average of Yl experimenls, made ye 0078658" 


a. — 
$494 UNIFORM MOTION. KUTTER'S Formua. 150 
Kulley and Ganguillel however, have recently (1867) pre- 
posed a formula which Narmonizes i a single equation a 
qreal hum bey of Exberim eulal data. ttclud mg those oblamed i 
the aa of the M. ssissibpi Rwer. They (make the Cox effé. 
cred A iv €¢- (4) (ie. AR, =e) forelon a ee 

NM auabshact number » oY co-effrcrent of row hn ess, depend 
Ng eh The nalure sf the Surjace eof the bed and hanks, ve. 


$ 
Fost ST t+ 02g! \ tt : 
oan (1 6-4 sae ) REF Kutters F otewala, 


(6992 Plaster in pure cement, 0.01% fer plasfer te cement with £ sand, 
01% for uiblaned timber 413 Ashiay aud bridgwarsk | 
<91F. " Canyas ling. on frames OF fer rubble 
026 Casuals ix very firm gravel, L featly free fram slanes and weeds. 
~O2S' for rivers and Canals in berject ordey aud PEGI Ce aud ber 
oe xe Bes “ft oderalely geod ordey and regimen 
2 kaw img Slones and weeds 8 <castonatly 

035s. * t i t te bad ovder and TEFimen, overgrown 
with vegdalicn and sewn with sees er detritus of an sort. 

Kuller's formula is claim ect To abbly Is all Kinds aud sizes of 
Wallevsourses from large rivevs to sewers and dilehes ; far Up- 
tform molioiz. Tt JR (6 The unknown quaubly K ulley’s for - 
mula leads to a quaced ralce egualion : if s the 


: slebe Te @ <cubr- 2 
Heuce ar Saue combatalior ‘ tables have been brebared ; Som< of 


which will be found in Wel. 2¢ (pp. 13S ana 39 3 )C Sewers) 
z ; ; ? 
Gnd tu Jace Sou Ss werk 3 On Nydrauhes (avers) - , 
Exam) he i. A canal loo long of the Praperoidal See. 
trea in Fig. °77 is required te deliver 300 Cubre ft. of waley 
lich pees ‘per $etond wilh the wate, g Je cleeb at 
: ail $eehuns Cre. with uniform motion ), 
the slope of the bank bemg such that for ex | 
Fp fT depth of 5 f. the width of the waler sur 
: : hte ees face Cor Length ef air- profile ) wil be 26 fé. 
Feg.5?7. 9 What is the necessary slohe To begiven tethe 


S$49¢ EXAMPLES. UNIFORM MOTION. Si 


hed % (slope of bed = That of surface here) Fe. vb, sec, 2.67 
The mean velosty u= QF = Joos + (2045) 5 = Uprperser, 


Cso that the surface veloaly of mid-~channe) im any seclion woula 
prevably be c¢ a F 
6 mK 


aye VS 0.838 = 3LR1 Ft per see.CEq.2 $492) 
The welled bervim eter wa S +S *4 62 =— 2¢ ft. cued «. Hee 
Mean hydraulse debt =-R= Fewe 112+ 262 & feet 

Using Weisbach's lables for { we find dor u= 2.67 fipsee.,f=.0079S 
mehrence Foon 09,(3) the fail of The surface Gand hence of the bed) 
for exch 1000 it. of length must be mode equal Te 


es 2 
hao + 0029S X 1070 X 2K (2.67) — Ox feet. 


Na &X 2X 32.2 [- the slebe s= &% = 000221 
Example 2. The desived Trons verse ; 


c ; waleyasechon of R aval 
208°. AW !S Gem im Bo. S98. The slope is Te be 34t. 
<—oroer- iw 1600 f.e. S= 3— 1600 , or for 1=)600 ff. 


2 h= 3**: Wheat must be The velecil, (mean) 
TIN: 1 , P YX 
é Ye, 7 & = of eazy section fora “Merporm mo lion » Whe en;- 
$76.’ 469 ff. - reshonding vol. delveved ber ser, Qa Fux 2 
Solution. From figure Fa 29.26 soft. REGewe 3.218 tt. 


The ca V, on which § depends, kemg unknown we use Eylei- 
wem's valued in 29, 3 aud selue for UV, whence Cyt - We. see.) o. 


jus [23.2 = | 2X32.2 X 3X 3.aIb _ 7 Ig t£ bese. lee 
+ .0075 6S X 1g00 | 


d for whiek ,ace.te Wers- 
08795 > aud ss ay @ sesond ebbroxn we obfaw Cub, 
5 : - 
= 71.45 te: p. See. Gud The vel. of ciel. Q- Fay = 79.28X 215 = $7.6 : 
Example 3. 1j the bed of @ creck jotls 20 inches every Isoo ME 
1 . of length >what vel, of waler mast be qlewing Te mamilan a uivifornn 

i 4 depth of 4, feet The corvespouding Surtace-width being GO 4b. aug 
welled perimeter 46 *°2 The bed is" in moderalel Good ovdey and 


vegimen™; use Kuller’s formule, putlug R= o, 0305 (ft. ana sec.) 
Fivst we hove IRs = JG Ox47 rs isco y — Gé 
: eo be 46 X == = .c 
while IR. - 1.99 Ana i, OX tea ) | 5 Ti SeoS get 
ag , 6 4.60 eh 
[40.6 Poet ocetastly 4 3 ce 


hack 7 = 


= -20 fifi jo 4.43 X. 066 
Se eh a Ase 
Ser § 0028!) 6.030 1.668% 
Ont <. 


as T= 4.73 it psec. 
(N.B.Weishachrorks hii example by €9.(3) aud derives v= 6.) 


ft. per Sec-, but Tis values fer f ave based ou exthertmenls wik, 


ee ee ee a = ee 


ene eee 


$494 awa 49S° UNIG MOTION IN OPEN CHANNEL. 1&2 
Combaralwely Strall: sheams and smooth beds, Phe. Be 
With va 413 ft.p.sec. Val. of disch 2 Q = Fus 143.4 Cubfé psec. 
Las, RYIRAULIC MEAN DEPTH FoR A MINIMUM EFRICTON- 
At RESISTANCE. Werle from e9g,(3) 9494 that if om open 
channel of given lengh UL and seclonal area F is fo dehver agiv- 
éu volume Q, per tem - unit with Uun¢form molon, so That The 
Com won mean veloe ky v of Ql seclons (= a> F jis also co Qiv- 
en quantify, the necessary fall=h , or slopes s= h+2, is seen 
To wn ‘bE in voesely proporhonal ft R the hydrauke wean deplk 
’ of the ‘sechow ,= CF 4, w) = seclioual Area ~ yl elled berimelér. 
For h fe be as smak as possible we may design the form 
Transverse seelion 30 a8 fo make R as lavqe as possible 5 hake 
Te make the welled perimeter a mintwum fer eqwen F for in 
This way & minimum of frielonal Contact ov av ee, oof rubbing 
surface , ts cblawned for a prism of wales of given nec F anol 
giver length L- ; ae 
Tr a closed brbe yunning foal the welled perimcler is the whee 
perimeler and if the given Sgchonal area 1 thabed in the forinof 
m cycle the welled pevineley 15 & minimum Cand R amayimum : 
Tf the fun pipe must have « polygowal shape of 22 sides then 
the régélay polygon of 1% sides wit promde a minimum W, 
Whence ik follows that if the pipe or channel is running half- 
Ful and Thus becomes eH cas channel, the Sewuls cirele or 
all curvilineny waler KY a. !?, 
HIN profiles gives amine 
fat Imam we or wet. berg (7 
Y \ 4 
2g 9 Ast all traberoidal H\ 
propiles with hanks § 
AW at GO°with hora. ¥ 
the half of a requ: AS 
lav hexagon gives rt 
Gminimum w. Among Figo 600. 
OW veclauqular sechous Ite half - 
: j aud of all hialt-odlagons the 
halt of trequlay acle 6h Awwes aA Min. Ww a (age 
for a Given F. See Fig. 399 fer al these. 

The é g- shaped outline | Feg. §00, small end dows sis fre- 
quently Qiven To sewers tn which the mainfenancte of the samme’ 
velocity for any depth of flow js tmporlant, because the lower 
Porhen ABC , providing jer the lowest sfage AB of: flow, beng 
nearly semicircular will imduee a veloeti of flow (s bemg 
fixed) albout 95 greal as that occurring when he waley 


| Tr 
Fg. 599 


7 eli Gives & Pita tyssticny w 


S49Sa TRAPEZOID FOR MINIMUM weT PERIM, re 


(os memerene wer, 


Took ef The Wig hest stage DE; the reese bemag thal ABC from 
its odvaulageous form has mearly as great a Ayds mean depth &, | 
a8. DEC. Thetis, Fiw fer ABC = Faw for DEC early, | 
BOS a. TRACBE2Z0ID OF FIXED SIDE*340PE . Foy large ontefr- 
Cial watery courses and cavials the Trabezord , 27 Theee~sided water - 
profile, (Sym metrical) 16 Cusfomary and the incl inotion of The bauk, | 
os qmele 6 with the horonlal, Fg. Gol ts offex delermined by the 
‘mature of the material Composing it »Te quard aganist wash.oul's 
coving te te. We are ». concerned with the fell owing problem: 
Gene ~ hehehe e<- Giver fhe Ar ex. a of the hace: geelier ‘ 
and the cmgle @, regueved the value of the 
dept. x (er of aber width 2 ov ef lower wi Te) 
= @r 4 “ halt, = whieh Aare funchons of ~) t& mee | 
viet eam fhe Aydracahé Me eas aebth, R= Faw, & tmax- 


. : 
ee Freq. Go} sareaqive 5 or Wor &mininain B Fis Constant? 


Frow figure we have Wi = AR+ 26¢ = ie <p 2 x gasee.6 at 


ane oem 


g3% 
3 a @ee-5 5 
% 7 


ta 


i 

: 

4 = Y 5 : 
and Fe yxd xoed. 8 whence yo -CF = x%etQ) ..-.<Q). | 


- ~ Rt = = 
3 . nes i$} Eke * are e ts : a 
suebsldubicg whieh ib. dividing by f, welag Bal cesee é ~ Pet hae & 
: i tn 2.4038 pares Siu § 
wehewe == 4} OS88 Oy 13) Fora emia 
——— ssn] 1 sy > eRe. AP, wee c 
a() a F ste piste dae 
BOF = 0; i.e. 1,4 228058 co x, (reps kf Eee 
@x ; xs ta a yert ter. Be SG 3 ~ tan 8 


The + qn venders The Seccrd dervakve of Pasifive for oe 
Pri WwW ; a i al - ‘ ; 
bee RpX* (sext it} x = WF isre 8 aK pe ei oes (4) 
oe : : : A 2~cosG 
wile Pe torvesbou ding WReASS for the ofkey diveentsauys Sf > 
? > y f ~ : z s = 
3* = ete .) Ree = ae be | + 2x & a prs + x <ecS ‘aie Hy 
Fare gorresbandimg hyd. mean debi Ro [see G) | fee mae. R, 
+ = a > Apes @ or al 1? ! ipsas 
oe Fae) NE Ak Hye SS.) 
: ~ Z2~-<0s9 
Equations (3 {$ 3 veh? held Geos, th 2A sf fhe tab cia io} S2¢- 
hon ef Lecast Prthonal Ye 31S aece ff. a Gwen Ouglé 3 
3 E Xa . Requived the dumexsious of the Bepeqeidal sedion, of me 
f tee dre gmat resusiance jor @= 43% which witk Six mches fall 
ag ee 23 iS wequased t dehver 340 wab. fl. of waler bev mix | 
| or SteeFars.: rx glaeie » i 
Reve wet have See ot, Aye $Oten onelion , h 5 youd & wih fae ve- 
quive ment thet “the sedou that he tabezoidal with 8= #5°, and 


wf Pieansion Fuighivne? vesislanc= - We have the following eguae 


eee So tt eet ee eames Et CEL eee ree er rr TT ad 


es 


z - aa Se Rr 
$4952 WRAPEZOID OF LEAST RESISTANCE 
Ideus Te work witk. EG.oF CONTINUITY... @= 


$ precedixg , b a. fame Je ' 
for condifion of )eagt resislaxce She re ee Qu<es6 | a) 
Frem <¢ 


8 $94 q. 3} tow uncform moltot 1 a e »* sia igh as @’) 
Theve oo Mi ioe 
eve ave Three unknown quanhhes DP. dial R“ Selve 
‘ : 


a’) fer Vv; Solve (2') a rs substitute hey values ix Gr) 
whence ho “Bl = pit, eo Set STE Jaxee A Sw) 
24 JF Agh Vsing : 


a = s = ®& 4 a - 
te wheel KS tug Eytelwei s value fay - ¢ f= .007865") Ovid atiae 


Num evical dalc 


E /, SRT Py eee 
we hare ( ft .tb. see.) F- “*/2A. i206 
: - 


hore oX [25707 X6* 
Y 2, at Gaeeen —— Ta 


3s & 
2X 32.2X-q 4.89 


ge956 5 
SETS A 
a 


a 


= 3.2¢ s¢.fl.aca 1% 

abbroxiialcn : we, Firs value of un 6-396 = : SS ft-Pe $ oC; 
for yVersback gies £= 0083 and a second abbroximalion fer F 
Gives Fo= 3.90% $4. feel {near ero ae Rence we new have 


7 


fren eq.(4). debth =x — a mae M.707 = 1.4 ¢ ¥é. 
: 7 A2-~ 207 
L : 7 . ; = me: 
width al boi om €7.6), y's Bete EWEN igs IS feet 
aud l.& 5 d 


weetdth at To} 6G) are 1226 FAXNKEX Heo = F.1E4 i. 
496. VARIABLE MOTION. 14 @ sleady flew ef waler of 
a delwery @= Fy = conslant takes place me a sirarght oben 
channel the slobe of whese hed has not the breber valeee fy 
Te ected extig e unform molten, Then Variable masher ensues (ike 
flowis 2:1 sleady however) ; i-e., although TARe mean veloety of 
omy enue Trausverse seehoy temains Fixed Caith lab se of hee} 

This velocil, has ddjerenl values jor dcfferent sechious but «s 
The aq. of Continuity Q=Fuv =Re,= fw, ale shit holds Gace 
the Plow sleady} the dtferen€ sedhouns have d:fievent areas. 
—— a ___.... AP F9- 602, @ stream of waler 
7 i ie - flows dows au tnehwed Trough, with,- 
Su. fides, The relalion belscan the 
ua velociigs Vi and v, at any “Teg Sees 
: Maes O ond Lwin be the Same 
5, GHEY amalenal poml sitdsa 
; baer, 2 acide without frielion, 


. ~~ =. 
v qsee 8 79, laftey avt Wiz. 


§ “Lak VARIABLE MOTION. OPEN CHANNEL. (By 


fs equation of heads Creally A €ase of 


v ixs ye : *4 b | 
la = 2 +h al) « PBernoun's theorem 8 451) But consader - 

Bo ag ing frietion on the bed we must tabla 
The meaw Snelion-head fe: ve , Gee 95. Zana 3° &4?y) 


lost belween CO aug = i it ag Hay also be wrillen $l W one Vv, 
as ROD) % 2 2 aS Q 
wilt become < = 2° -+h- wl Se sk ooo (2) i 


: “A ek he: | 
whieh 7s The dovimule for wearlels) melon 5 in which t us he Jengle 
of the seclion considered which should be Taken short enough To oms 
sidey the surface slraight belween the end sechions and the latter 
slicuta dif{ er hut litle. The subsersht m may be lakenw «s veferr- 
ina Te the seclion midway belween the ends so Thal vee tQteve 
° ” a AN a ; 
a pevim eley aa, Gu +w,) pwhile Fo = ae +f.) 
4 


eq (8) may be wrilten he 


rel de 
v. + fw Hw yy yp 2 
i a ha an @ u, OS ke 
yok oe ee " 
whieh agar may be transformed by Putting v= Q> a , ve QzF, 


inh ‘ 4) 
he pa pet z 1G) ete) Bo.) 
| : 24 


ér, solving foy a ? -- 2a 
. Q a oe a 


i 


AUR? ret ads wm, ae 


| fot Fk 
From aq (4) having given the desived shape yareans ae, of the end- 
jsedkens aud -the volume ef walter GQ Te be carried ber unit of 
Hime, we may compule Me necessary fall jh of the surface j 
‘walatie fram 3), having observed in au aeyual waley-course ihe 
voles ef The sechensi aveas F, aud Fj the weited perrwelers W, 
| amd w, , the Vength 2, of Yee  porfion considered we may cal- 
* jewleale @ aud Thus gauge the dlrcam Approximately »wilhi out mak. 
q ing any valocily mea surem ents a 
Example. (From Weisbach’ s Mechanies.) The surface of a creek 
dais 9.6 inches in 300 feet (flow sleady) The mean value of 
[The wetled per imeler i$ we = = we+m,) = Go ftywhie F 10 
$q.ft. aud Fc 60 sft. with £2 .co7S6S we have (e¢.8') ( fi. 


LY, sec.) 2X 32. } 
. Q oo } = | : \ 
Pi ‘ . § 3 é ¢q Seer | 
Y i oe ao7$65 X30eX & (eget ter :s 


£0" 70% | 130 


i 
i 


(|THE DEPTHS oF WATER. Fig. 604, The slobe of the bedl be- 


4KF6 VARIABIE MOTION. OPEN CHANNEL, 186 
= 3544 Cubre ft. per sec. With Thes value of Q we have for 
the value v, = veloc. of mid, Seclion, v= 394,85 + 6S = $.45- 
whence f= .0076 5° ,with which we chfas Q@= 3$2.5' vf i 

However in Guolher reach of the sume creek we find Suck 
Values of F Fo, te fet e9.(5") gwes A= 36S cub ft. bsee. 
. . o] E 
“> The mean of the fino is o= 4 (36 $+ 352.5°)= $08.4 

447, BENDS IN AN OPEN CHANNEL. According Ti Haw 
bhreys and Abbots researches on. he Messsssvpbe river the 
loss of head due lo a bend may be but. 5 5 y? 68 Becks iy" 
hwheh uv musbhe tu ft. per.sec. ane 636 tT C 
d the ange ABC F, 


te Tow ensyle, te Yadian S.. 
The seehor F mast be ‘> (06 $4. ft. 
cna the Slebe S & . 6008, V1 lhe 
mean veloc. of the wale. Hence ifa 
as Occurred in Portes Aa slreans 


*j. length Lee. G) of § 494 becomes 


Pe | 


an ee ae — ~The e544 HK See, sae a 
Pe are b . R24 536 Wf "only @ 
While e¢.(2) of § U6 few 


aed Eee t AS ee, 8 es 
iy cedar € motion wotaich then became 


r 
g. 603 musi he 


Vv a % i tn 
z = ~s =F h rts aes ca = : io vw ) aae ft. awd) Se< «alee {3) 
3 4g F 26 S36 only 


V aud d as above, 
76. EQUATIONS FOR VARIABLE MOTION INTRODUCING - 


Ye en 


a LAT A OE AP eC TEA aa Pa Moe ELA Nt IRR ASN. as NTIS 


SATE, SAM Gor sembly a atemecs.) while thet 
h of The Stevface is deflerent viz. 

vig tu P= $= he} We Meesy write | 
aac he Got lsiea—d in whieh 
dy cmd d, ave the debths at the end 
Sechons of the portion considered (sheady flow with variahle mo- 
ten} This qwes, ee ee alta 
te eget GGG, 6) do~ 4d — Cpa Et) 
Solving tor L a2 


— Se ENT. 


| $4978 VARIABLE MOTION, OPEN CHANNEL 187 
From which » Known The slope oi the bed anc The Shabe_ cud 322 
of the eud-~secliéns , also the discharge GQ, we may cormbide the 
Leng tke or asslance st , between Fae seclons whose debths Acffey 
by aA assigned Om ount (@,-—4,}, But we connal compute. 
the change af depth for an assigned Yeugth & from(6). Now- 
evey, if the nwidth © of the siream is cousianl €9. 6 may be 
) 2 eel " : : 
much simplfrect by jutrodus Mg Some obbreximaliens as follows : 


ee (=~ 2.) 2 = AF ot -AMetS) vi 


rh 


ot Rts De es el a ie 


ee dane oe act 


thi bee 


| 


. 38 Re ay ee 

- d ~d, cl +d, it ; ; me a 

| ae pwhek na fe set). 5 aud Sterdarly 
| oy, a+ I )f = wie te): ue = Ccbbeor = We Ve 
Brick G4)25~ Cereyee ag GE ay 
| | Hence by sub shilalion te vs i ee (d.-4.)] t= 3. Me j 

j eq. § we have, BEPTEK > bt Laer cigs pate <7) 

Soe Jom Oe 2 Smet 


CHAP. VI. qb 2g 
3 DYNAMICS oF Gastaus PLuios. 


14.99. STEADY FLOW OF A GAS - )N.68. The sludent shouwlel now 
review § AS | up To eq.<3') | The dif{ erential equation from whale 
: Bevnoull:'s Theorem was cdeywed- jor AY Nqudd without frreelid | <8. 
J wns 


saan bed va ae pap me A) 


> § ‘ 
is equcdly applicable To the slaady flow of & gaseaus fluid , : 
Phut with this difference in subsequent work Fat The heaviness, 
"4 (3 a2, ot The gaS passing Aifferent sechous of fhe Pipe oy sFreaw 
Jlme is or may be Afferent (though edurary s The Stamne ok c.gw- | 
en ‘point ov sechon, sinte The flowss Steady ) For The ‘present we | 
hegtect friction and consider the flew tree oe. Loeg 2 re ceiver 
where the great. ode of the Gas 1's pracheatly at rest, through 
an erfice ta a thin plate or & Shert nozarvle with a rounded. 
eulvance, . 
| In sleady flow o spas ante Sieg FS ait] event at different bornls 
The FQ.°F CONTINUITY ‘ | oe 
takes the form -----" WEIGHT = Fuy,= hae y xtc. (4%) 


Ee ———<—— 


a 


8497 9 STEADY Fhow OF GASES. _ 18% 


ie. The weight ef gas passing any Seclion of ave F per unil of 
timeé jis the same as for auy ofhey section or Fup = 


; = constant, 
fy being the heaviness al the sechow, aud uv the velocit 


G0S we have a large rigid tecewer contain gus ab aoe 


Thermom. a fensior, Pr her thew that Pr, oF the 


: ig. stu) aulscde ay (or gas) and Some ab- 
| snl. Solute, lemberalure jee and of 
' = Se ae ieee fais mat iS te 
ee ee ayo die > AA aq S3iG@le 77 The Simall orifice 

ee ff itm a of avea F being opened the gas be 

———— e ee qins Ne A3Cape and if Mh e Te cewey| 

Fg. 505. is very lavge or if the sup bly Con; 


. : Neauerily Kebt up Cby & blowing 
enaqing 12-9.) atler avery Short Time She flow becomes sleady. 
Let nm represent any Sheam-~line ($ 4S4) of the flow: 
According fa The ideal subdivision ef This slream live ints lec - 
ae of equal MASS oY weight (nat volume necessarily ) in esla- 
Pblishwng eg. A for any one lamina , Wach lamma fi the labse 
fot tome at moves thls the bosilian | 


u jest vadcaiad by the lanw- 
ina next tefronl and &ssu2es preasely The sume velo S, 


& 
and Volume (aud +: heaumess ) > xs Waal from one kad at the | 
beginning of the Ul, To ig progress Yoward The ordice ifex. 
ponds lie volume sls lensron diminishes whide Fes velocity , rSens ! 
ible ab x is Gradcaly cccelerafed on account of the Pressure 
from behind always beng qrealey Than that in frovt ccd) re m, 
< Bh, oof " of “the jel the velocly has become U., sthe bress - 


ure ((.e-Tension) has Fadler FA & valke Pn ) aud the heaviness 


has shang ed To | ae The bemberalure cee (obsol.) is less Thar 
as yrince the exbansion has been ropid and does nol depend 
on the lémp eralare of lhe oulscde Alp OF GAS inks whieh off Deck 
lakes place, thou L of course, afle, the effluent Gas 1S once free} 
from the orifice .: may change ils Temperalive in time 

— We assume the pressaye Peal throal ef jel) T be equa] Ts thet 
a the oulside medium Cas was done with flow of wale; ) So Jon 
(fas thal outside Tension is > $27 Pn sbet if itis < $276 | 
_( [Gnd is eve zero (o Vacuum), CXperiment seems Yo show 


5 S00 BERNOUMI'S THEOREM FoR GASES 1 $7 


that *.. remains equal To = 27 of The ‘inlerior Tension Pr > preb- 
ably On account of the expands or of the ef luent gus beyond the threat 
at B Fra. 606, so Thal al Trough The jemsion th The ouley edge, 
al a, of the ye iS Og Mess to Taal of the oulside 
ra medium, {he Jeusion at ™ is qrtaley because 
= ag of Ihe cenlrs belal aud centrifugal forces clevel- 
vig 2222 ae _ Sbed by The curved filamenls belween @ and 77, 


”-s 


JO]. FLOW THROUGH AN ORIFICE, HEAVI- 
NESS ASSUMED CONSTANT DURING FAW; TRE WATER 
FORMULA. if The inner ldusiov Pr exceeds The outer, Pr r bat 
slightly we mea Assume That ike walter, The Gas rewains of lhe 
Same heaviness during flow. Then, {or the Simullaveos advane 
made by aN Re lawinae of othr traac lme » Fig. GOS’, in the Time 
at we may Conceive Gu cqualion like 4q-AC wrilter, ont ter each 
lamina. belween 7 and 77, aud sorresboudimng Yerun$ added . fe. 


aim m m 
(GENERAL) . 2. vay + faz + jo Soe (B). 
CR onievces) JY, n aS 

Tn General pis Afferent ne the different laminae sol iw The present 
Cas@,i€ is assumed the same lu aN hence with mm as dati = 
level aud h= verlial distance from Ps wiguce have from 


- Jaan tats wasps ate, 
Bege  F0-ht Pee oo Bowen P 


-* 24 . i r | — 9 ywhile< A, 

Cven “f Several feet is Srrajt Combareck Pu. P. re “+i 
‘ F — oo aan 

so 1/6 Ths. ber S41) one P= iS eee y y L 4 ith pe 
e ~& abr our af freezing Tench = 1635 feat ssee eg. 8° § «4( | 
. a WATER FRoRMuLas 
.* a 4 Cem = Py Pen song for Small di mee fn) 
reduces Ts 2g F of Pressures onl 
The tnlevioy cbse), Tends, 1 heing Kean sthe Yn (inferior heaviness ) 
tay be eblained er § +37 2¥i2. From (ee nh lee Os P, 
aud the volume Teen cblamed per uvit of Time ( tivsé Salvineg 


; BP) ivr ¥~.) 7 oe Q= Cm we eee ee (3) 
3 where F ts the sectional area-of the jel ot m. Ty the mouwlk 


SE 
os 
ae DR CS TE AT ee ais — 

ee 

ae a 

ee “ om ; 


“WATER FORMULA For GASES 


Piece or eriiice has well younded raléyis; edges, tis sechanal ar- 
ea F may be Taken as the area -.. Bar if tk is an orifsce om 


“thin plote™ putling co-efficvent of Contrachon’ — C = 0.60 
we have eS CE = 0o60F = Q = O60F g- -.. ay 


This Volume Q,.. 1s that Sccubi ed by The f 
in sTele 7 and we have as 
ot flow bey Tmce-unit is 
Pin. =F y =f» ae at 
, Ws en Von. 5, 8 Pa ae pe (S°) 
Example. In the Tesling ef o blowing engine iL is found cabakle of 
Marnlammg @ pressure of 18 Ibs. bers 
trom whese side a blast is sleadiiv es 
; eresce (Siveular } > avived Gu area F 24. $9. inehes, the tnlerery i. 
Pevalurve i Re G CeZ. aud the Hu tide Tensisy, iS ‘bs. bey *q, iv, 
Required the discharge ef air bev Second bol valume and 
MGne. “The dah, ¥@: B = 3 tbs. b 9,.m. 7° : 
weignt he dala. a P,, oa s. ber ag. es 293° Abs. Cesd, 
FS soieches ane Pig a aS ae te ee ft. db. see, 


low per hme unit whe 


sumed that hm =fn > “ The weepnt 


g. inc: in large Tecewer 
cabrag Rro a “Thin blate : 


Aes 


ae : . = ibs. 
Ferst, the heavy. (ss = fn 1, = =. 273 y o807- OS ay 
i the recevey ‘3 be - T°" M7 243 rs 
Ags —— 12X33 2 [eae 44X15" | 
Ve=a P.- &,, an XY PA-« ae av 555.3 ft. pse¢ 
ha 2 | aad =| ty . 
1b 2g b=—F AOossy a 
[ a717, of hig would be tore fer<ectd ow account ef freliois | 
4, a se eect See 
Q = Pus &Fy = = ing X $S8°.3 = 9. Zl cub. ft pe e¢ 


ok Tenbiow KY Ibs. ber 3. m., Gud of lieinabicnce (by hybsthes/ = 
oS Us. per eub. ff. weight = Gz 7-24 X 8% 2 Ibs. per sec. 
The theorekzaj Power of the Qix~<ombressoy oy blowing e- 
Sine To trainlain This slead flow San be compbuled Qsin tx.3 § S427 
$02. Flow THROUGH AN ORIFICE on THE BASiS OF MA- 
RIOTTE'S LAW. Since the qas realy Cxhaudsdur ing flow thre’ 
Or orifice and ae changes lS heaviness Fig. Gos, we Obbroxi- 
Male rore nearly 's the truth in AS5uming Pass chauge of deus, - 
Ty To feilow Mavislte’ 51 *&. viness varies direct - 
Vy as the pressure , and Thus imably thal the lem beyalure Temains 


ee Mame the flow. - ogain tnlegrale the Terms of 


& $02 FLOW ACC. TO MARIOTTES LAW 1% 
| eq. B, but fake cave fe nole that now, y is varicble Cice. Afferent 
in afferent lammae at The Same mslant} Gard +. arb ress . in Térnes 
| of the varichie p (from eq. 2 § +40) ee y= Ch = b. YP 
~The Fern (db ef eq. B hetomes Pe ( ap = ian log. Pe me § 
oe fn | p fn = Ps 


4 ‘- - - ~ be es 2 
q “a jtnleqraling all The Yerms of eq. B, neglecting m aud collin ~~ zero 


| . EFELUX BY 
Vv 

a * are ssf a i MARS Law S72) 
se Aa Pm \athrs’ ORLELCE 


{ bs Ty P,, hme =~QH- 

‘| As befove a 7 - .4o%d flow A ibe he be unit = Q= aS 

while YF The orice is in Hain plalé > BS may be put =~ .60 F; aed the 

WEIGHT OF THE FLOW PER TiME-UNIT = G = pea Yur se-e-- (4) 

tf moulh-pece is rounded Fo= F = Gren of exit orifice of mouth-piece 
Example : Abpysg 2q.(a) & the dala ot the examble rk 8 $oO/ here 

Te was founda Rh be 0 SF jbs. bev eubie ft.gwe have [ feslby sec} 


GXiue : : 
Ag Poy, Pe = |aysx.0x-— Ka3ersXi HE = 56%7 
Yu & Pin 087 § 4p. Sec. 


a | Uy. ee 
1° Qs Fv = 060X ity ® SEY = 9.248 cubft-ber see, Stree th 


i fi , by < 
: heaviness at m 18 trom Mars haw, You = — Yn = és of 087 50.2, 


%. 


Ym= .074/ ibs. pev culo. fool , 7. Ihe weight - of Vhe discharce 


i G=Q, y,, = 2.745074! = 0.922 Ibs. per Sec. sr about 12 
4 per Cent. tess than that Qiven oy The waley formula’. ty the differ. 
. : ence belween the tuner cud ouléy Teusions had been less, Me dis - 
é Crepomcy belween the resulls a} the Two methods would have been less. 
+] 303, ADIABATIC EFFLUX FROM AN ORFicE. Tt is most log ~ 
ical % assume thal the expansion of the qas approaching the ori. | 
4 4 fice , being ‘ralpi a 51S adrabalic C3 442), VWence Cespecall when 
7 The difference belween the Mover aud ouley lensions is COonsiclevce - 
7 | Plejit is more accurale To p as vay tg %<c.To POISSON'S LAW 
13 § 44a ,: Ter a ee cea Pee 
; eq-() } a 91.@. Y =The = Pp } p “3 og te iateqvaling | <q. =. 


g . Y hn a Tn he res 


3 : aia 
= P., ( Pn | ; aud a4. B, i eqlechug h QS before, 


SAAN iran ANNE ote = Te Nena 


esa! 


bh S03 ADIABATIC FLOW THRO'AN ORIFICE i272 


ound wilt, vs o tg 3 PV ADIAB 
becomes, F, ion or =|!) ]~3 FLow; (7G) 
; 9 Ae Tn Pe ortugice 
ob served Pb, and T. in TESETVOIT we Compule f= P,, Yolo 
(from § 437). 7F, > 
) the qs at m just leaving The 5 Bf Po 


orifice, having exbanded adcahalically from the Slale 1 

To the stale eras cooled Te a Teneh, T Gbsol.) found 
thus(§ 442) 7 = T Pmy4 cy {Pu 
| s(' ) T= (=) =~ {2} aud aheav-} /,,~ K()-@) 


aud The flow ber second imam eddalaly em” exit accubies ® volume 


Bin = Fon Yn =o -GY and weighs Ge EM Yay 7G) 
Example /. Let the tnléyior condidions in the large reservoir 
of Fig. 60S beas {etlows (slate nm): p= 22% Ibs. per Sq.in, 
ond T= 294° Abs. Cenk, Cre. 219 Cent.) while exlernal- 
ly The Rusion is 18 ibs. bev Sq. inch, which may be Taken «5 
=P. = Téusien of m the real oj jet. The ebening iS & Civen- 
: lar orifice tn “Mut plale “and of one mch diamelér. Regucred 
' the weght of The discharge per second ] Ft. Wb. see., 3= 32.2] 


ene a ee ee ee ae 
. 


: 4A.5 Xt4ee 993 : 
Fresty = Ot, SX of07 = 0.114) 
he SX 4 24% 7 114g Ths ber cubie foot, 


9, 22.5 XJ44 fee 
pial 3 ah ) J : O14 ee 


= 544 {t-ber see, New Fs ani) = - 60846 £9. Fé. ‘8 


oe a 

te @_.= CF v= 40F VU. = 9.60X .00S46 X $44 = 2.7684 “p. 

: ae See, 

aba lensb. of : 294 ./% = 257° abs. Cob. = —16° Cent. 

s 3 

rs) ry : 

weight of flow psec = G2Q.y, = 2.765 X 08S" = 2354 = 

Example 2. Let us Treat The SQwme examble alve Solun 
ed by the lwo preceding abbrox. mélhods ($$ SO! ong $02) 

by Me present more accurale equation of adtahedi¢ flow ,epft) ; 


The dale vb = 1& Ibs. per $9.1" 3 oe = 293° Abs.Cent. 
C Fig. 605) Pe = PO ese weet % Sq, inches 


2 ce 
ART pr tae 


peat 


§ $03 ADIABATIC FLOW THRO ORIFICE 
[F being the area oforifice |. Vn Ws found = ,OC% Ibs. pey eub ft. 
in S$ SOU. <'- trem eq) tt 

“= | aX eae = $76.24 wha 

| 3 069 6 
From (4) Q,, = iw = 6 Fe" GY a X$76.2 = 9.603 cub ti-p See. 
@nd simce om ib is of & beaviness | ae 0&7 4 Gey =. O7c¢ | 
las. per cub. foot we hase 
WEIGNT oF Flow PER SEC.= G=Q, y= 7.403X078% = 0.786 

Comparing the Mrree methods for This preblem Vhs. per See, 

By the “walter formule” G = 0.62 tbs. per sec. 

Meee Mariotles law fore. G = 0-722 " : 

- i Adiebaté formula G = bs OE ee ; 
SOY, PRACTICAL NOTES. THEORETICAL MAX. FLOW OF WEIGAr. 
It te. The equations of 8 $03 we wrile tor brevily | Jeary >= % 
we derwe by sub shilulieon from (1) end G) in GC’) ; 


et 


PER UNIT OF TiME 
This furchon of x considered variable is of such aform ash 
be @ taaxtinun ter . f 4 : | 

| x=(Pe* Pa) = (LY = $42 2G) 
2. theoreh if at asi 
1.€. Theor wcccdl > if the stale mm insede The veservaty remaiws | 
the same while The oulside Texsion (considered = P,.. of jel , 
Fig.605 ) iS made fo assume lower aud lower values Cond 
hemce X= Py tp, To ciimmush mm the same ralio The Frei ain 
flow of weight per unit of Time will eccur when P= S10 

rh 


alittle more Than halt the Inside Tension. (Witk The Ate ee 


a 3.41 Ci40%) inslead of x, 3 28k S sg We would ae 
es ‘a ee of S12 fer dvy Air 4 see 5 S60 
rot. Co is Says ( . S44 ef his “App). Mecranies" ) “The 


ic wy | Fe 8 ee 
WEIGHT OF FLO = G=Q.) =F 2a. Ir \-x5 | # 4 a) 


a a Corel. 
Aun inulisy at The ,discharge On dimcnulon ofthe exléymal press. 
Ore below the limit just now gquen,is an exromaly whieh had al- 
ways been considered as Teaqir ing exp) onodion , aud M. St. Venant 
had aly eady suggested thal iC could net actually occur. tn 1966 
My. R.D.Nobier showed by evperanent thal the weight of sTean o} 
Given pressure discharged from on orifice really fs indebendent 
of the Pressure ef the medium inl which efflay tales place; ° 


Flow OF WEIGHT. ORIFICES. 19% 
and in 1872) Mr, Wilson confirmed this result by exbermmenls 
oi The reachon ef sleam isseung from an orifice." 

et he explawetion Wes in the fact that the pressure im The cen- 
Tre Of the conlraciéct jet is not the same cs that ot the Sur - 
youndimg Medium. The jel after pussing the conlracled Seclion 
Sudd ewly expands, and the change of direclion of the {luc bali’ 
cles Gives rise Ty Cenlnfugal forces D Wwlevels cause the bress- 
“ves fo be grecley inthe ceuke of Ihe conlvaclad sechon uur 
the arcumference 5 see Fig. 606. | 
— Prof. Colfer then advises the assumblion that b= 527 B 
for airy and perfect gases} as the mean feusion ie the jet at 
CFeg. 606 ), iraenever The oudlsyele medium 15 ab a (ausion 
1€35 Tce i $27 p Ke alse sag S wf Coulraclicn and frcchon 
must be allawed for by the use of a eo ~ effic, ent of discharge 
| the wale of whieh however is more varable than that ef The | 

Corresponding Co-efficent for cm wicombressible fluid. Little | 


om 


is certainly Keown on this boint he See 3S SOS gug Soe - 
Fey aiy he velocdy af This nex. flow of wegh¢ is 


Wal. of max.G =. [227, ve | fé-per Sec, ee 

Tse oe 
where T= Abs. feeb. te FEservary curel Ta = thal of freezny. 
beint, Rankine's Abblied Mechanics ( Pp. S6%) mMenulicns ex. 


berments ay Drs, deule and Thotmpsen , ty. which The crreulay 
Ovifsces Were im a Thin -blale of <obPer aud of diam elers 
9-029 they 6.033 2.) and 0.084% inghes ) while the oulside len 
Sion was aboul one half of Thad tusede. The resulls were | 
S4 ber cent. of these demanded by Theory a distrehanay due . 
mainly as Rankine Say $, Te Me fast that the Gclual area of The 
orice was uSecd in combulalion inslead of the conftacled see. 
Tio ,1-e. sonhecken was veglecded . 

SOS. CO-EFFICIENTS oF REFLUX BY EXPERIMENT, 
FOR ORIFICES AND sneRT PIPES. SMALL DIE FERENCE 
OF TENSIONS. Since The discharge Thro' an orifice er short 
pipe from a reservoir ig affected rob only by contraction bul 
| by skght frrekon at the edges, eyen will, & rounded entrance, 

the theorelical resuils for the volume and weight o low per 


anit of tue in préceding $§ should he ata at beth hy i 


BSOS COEFFICIENTS FOR ORIFICES ele. tS 
a coefficrent of veloaly ry and one for canlraclion CG yas ie 


the ease of walter; i.e. by Oa coefficient of eff lux f*,>= g eo: 


(of course, when There 1% na conlvadion , C = ),00 and Ther = 


Qs with @ wek rounded mouth -prece tor ‘nslamce 


with shovi pipes ) Fg. $30, ond | 
Hence for practical resus with orifices aud short pipes, we 

sheuld wrile a4 = 

WEIGHT OF) A_ a P / ‘4 

Flow PER t= G - Rey ce pF (ce) (2 3daye |) | 

TIME -UNtT Pa an 


Cfrem the equiedicns si § $02 fer odiabale flew, as Ros AChur- 
ale ; Pr: p, mey range fren ta Ts loo), Fs area sj or. fee 
or of dischargmg end of reoulh -prece ar short pbe. Yao heav-| 
iwess el aw te WSEer ver aed = 7, i Yo": TT Pe 9 4. i3 of 
§ 4373 and w= the experimental co. effrerent et efflux. 
From his on @rper nanan and These ef Koch | D'Aubuisson 
and Others Weishach yetemmends The {olowna reean values of 
& {ev vores - meouth rece s >» REN Pn 7 ae mare thax —- 
larger Then Ps (re. about inx% larger) , for wSe eq, {1}. 


4st For an eri fice ass ce Hey? plaid 


a 2 
uo _—— ; ‘ ,; , e = > aaliain 


) 
ioe ee ey ey Na --- At = .S6 | 


ndly : A a*> Rin @ 
Q".” For @ Sherk cylusdread pbe (inner corners nef recnied) pa = 0.78" 


_ : Sih reunded raaulee brecel hike Fig. $26) am JA 2 O9FT 
Short | < P 4 ms 
YO For x conceal Convergent pipe (2ugit Shout 6°) 1 f= 74 
Lrampble. (Dela from Weisbach s Mech.) If ike Sue ef Ihe areas | 
= lwe confeal Fay eres ef -@ blowing mache is Fa 9 39. waches ie | 
=e ~ the Mayne ss® Cent, lke heaght of tie alfuched (open) 
a ss coe = (see Frg. 464) 3 inches and the aig hd af Me | 
- os e oe ar 27 inekes ™ we have (fe. 2b. See} 
= = e 
/ a ee ae 1) ee ee ee ee 
eeees sq) n= TEE ECS ps (SEY aXe 


i 
q Ibs. ber $9. fé-; | — 213 e 32 X anen5 x £¢ (612 Yhe 5 one aR | 
Cy AEE Fe Oe 
bate oe FEY 32. fe. ered {abeve} fe a Sy “72 a", 
| : ie 

oe 3. /29 4 ’ 4 pyVige VY us | 
G = 0.92Xi5,(32) aXsa.aXay se KmXiord ceil. *fay | | 
Wien tn i 


a °o 


ea 


§ sos EXAMPLE. CO-EF.S OF EFFLUX. one: /96 : 
fe. G= 6076 ibs. per second; which will occupy @ vol- 
tand » ey seal Pek Q > .0607 = 7.89 cubf{t at one 
alwmos. Tension and freeging Peimt Temp.; while PA a Tew b. of 
“ = 265 Pate Cod. aud Teusion of Pe > = of oue afmos, 
(ane. in the Slafe ie whieh it Was On enfering the blowing engine ) 
it occupied a volume Ss oe 255 30 xa.59 — $.24. cub. tb. 
| 273 29 
(The lalfey is Wersbach's resulb oblamed by an Gpprox. formal) 
506. CO-EFS.OF EFFLUA FOR CRIFICES AND SHORT PIPES 
FOR LARGE DIFFERENCE OF TENSION, For volues 7% 
Qnd < ss af the volts Px a ; of ‘mlernal fe exTernal Tension 
Weishadh's e-bermenis with sircular orifices te Huis lalé, of’ 
dicim sleys {oo OF imehes 10.8 aches gave The following 
eee = 10g 09 I.Y4e £65 90 2.00 | 
Ford: 4S ms 5S SF 67 R16 I | 
ri d= 3, M= 26 57 64 65 72 
wmshence jb abbears Thal pA mereases somewhal with the yale of | 
b. ® b. pend decreases slightly for wmeressing size -of onfcce. 
With short cylindrical pipes, infernal edges nel roancled | 
Gud F limes a3 long as ede, Wasback obleuned pA @S foNows: 


72 a a —— i PS ee eS 


t ; ' 9 ar oe 
} >. : Pi. — : las : hic is és 30 : A £0 . d. 70 : 1.7¢ : 5 


% 2 


err ewe 


, 


oe ery aanaey > Aa Tat ' 
eG" jars : Boer orites : 
-e—f.o" =; ( : ee 


~ 
a = =e me KM 


When The inner edges of the a, Bie P'pe were slichtly pounded, 
fL was found = 0.93 ; while a well rounded rmoulh~prece 


o} the form Shown in Esq: §30 gave a value p= from . 965° 
t .96¢& : for Pr SP Yangiing from 12S le. 2.06. 


@nmm—. . — ee wm @K— KM OOO eee = ss — : > 
. 


$07. To FIND TRE DISCHARGE WHEN THE INTERN 
Ah PRESSURE 18S MEASURED jn ASMALL RESERVOIR 
OR PIPE NOT MUCH LARGER THAN THE ORIFICE Fig 607. 


VELOt. "OF APRROACH if? 
iy The wifernal pressure Py. » ad Termmp, 


A Sk: Be weensuwed: | oak n, 


Te & Smal reservar or prpe 


Therm - 


whose secliohal aren Fo 1s eat 
very layge compared we ithe That 
of The orfice Rae (er of the jet F ‘ 
m/ 
Vv. jet nm (vel. of approach) : aie be pul = = 2erd, 
Hence : te apply a €q. B § sor, Ta They Suecessi we reise be ~ 


Tween 1% and TRY tech a Sees omer shall have for eaveoie : 


Ro. 
the veloe 


sTeady flow ae y 4 
J : : Ven ~*%. = 3 ha ee = | Oa yee ee ee ae ~ 
vs 4 


Nemeet” 


a = Fe L Pin 
inslead of eq(t) « = $03. Bul from The ES. OF CONTINUITY for § 
& i = = E a. 3 a 
sfeedy flow of gases Legale of Su¢7 | fu y -Euy sve Ris 
; : ' eR ar} i 
while for adsahalé , Tem nlm, oe Bon rane & a 
= (— 


by suck shilation iv 2 solving for uv. : —“r 
lwe have} 


my 


—<—> 
meee 


] 
} 
Having, Wien , observed P.. . > Par » aad | 


& of lhe Ee tice. we trey Covepauls fo na Yeu awd TL finally © 


WEIGHT OF FLow PER Time -omt = G = MEa oy AS 


Falereg fA from § SOS’ or SOG. Ty €q. ms TE must be ver ene- 


bered That for an orifice its “Thue plale "| 
of the confracled vein oe 


, aud a dpa tee shy 2G, 


Sal is The s@clewe} 4 


oe Gy aly 
Example. lf the a ef ABE: 607, i a Zt put = = 
a aa a the ovifice . well eee ty = get. Pager. : 


wes. = i } ‘ ay 3 if i: = 12 al. 
aud T= 253° re = XIX on ahs per >4. fe, ute See ey 


t 
$o Ahot be = 3 x required Yhe discharge per ieee 


fl Vo. see, Pr 3 273 
From PE G.a- poe Seer 


a es OY EOCENE 


sMStng ihe 
Sa. OFOT = .OC43Y Mes per en 


whence (e¢(4)), yi, _ (ay, is POT SAY eo oD eee 


at VELOC. oF APPROACH. (GAS) Long Pipes. {17F 
(Cag XaX asx ted] 
aac A An 


-0€433 


= $55.1 {t-per sec... Ge ik esi 
¢ : Obs. psec. 
SOS. TRANSMISSION OF COMPRESSED AIR; > 
THRO FERY LONG LEVED PIPES. STEADY Flow: 
‘Case <A. When lhe difference Lelween [he leuscons / he 
| yeservaws at Ihe ends of the pipe iS Small. Fig. 608. Under 
‘A : these ciyvcum- 
sTaxces tt Is 
Simpler Me em- 
ie : <ve. ploy the forme 
Fig. 605 haves PIPE. af formule kbed, 
would be chTamed aed Yiquacd | oy ap bhein Bernoulli s Thesrem, 
fobecee nip account the Yass of head aie Gti Sronedt by the frieltoy 
en the sides of ThE Pipe. Since the pipe is spit | Tong, anc The 


| change ef pressure Srmalt the ferécau uelocdy m the pipe.s sU © 
asscmed fo be nearly the eaiake él. ah points Sata the Pes, oh 


Se eee 


= GFT PG fe, EE RL NE OUT LES BU hg Pe aS Para Ora 
nD 4 ed ~ dat” = - oom) ox : ~ ca 

ee . . ea ini P ee E — 

3 * 


nel be large ; hence the difference orn The weloc. heads af 
Be end mi will be eae & ¢erian 
ws Fi be aSSeqguect. | & oxji Fae qs i 


* 


. MeL Renviness 

tae ere as if @ hegued. 

Aphty ig , Tew Bernoull s Thearent , colle frecleate $474, TR the 

Quds of The Pes , Ro avd ni we have 
4. 


v : ae : 
te sp te ae. Se ae G) 
Pulling (as abave . vu = 0, we have more sombly, 


Pa~ boa m1 iu vu Cs 
= ep tae ee 
ate a 2, ) 


The value of f as co-efficient of freeltou for Str mn long roe 
is found Is be somewhel smaller Than jor meget see next § 


$09, TRANS MISsion: OF CoP SESS AUR. SXPERUWENTS 
IN THE ST. GOTHARD TONNEL, is 7%. ][ See. 96 of Vol. 24, 
(Feb ‘$1) Van Noslrand ss Engineering ea An these exper: 
tmenls , the tembperalavé aud bressuve of the flowma: qas fairy) | 
were deseswed. at each end of a loug porltow of the pipe whiek 


ag the combress ed cuy lo ihe boring: anew hed Three 


§ 509 TRANSMISSION OF COMPR., Al. 199 


miles dislarl from The Tunmel's muulh. The Porlon considered 

was selected aba dislance from the entrance of The Fannel To e- 

ltninate ths Fluctkaling influence rt The wealker on the Vemberalare 

o} ~~ flowing aly, A slead ecu being Securect oy prober 

| regulation of The Compressors and dislzsbuln Tehes ob seyuvalton 
were made of The infernal pressure (p),™ ‘evnal Tench. (T ), as wel 

as the exleynal , at each end ot the Porlion of pipe Considered andl 


also ab wilermedcale points » also st the weigh? of S)ow ber second 


G = ys metasuved abt The Combressors under Rae conde 
(0° Cent. avd one alveos, us con ; thre Nica the Dd ond Tet as 


seelhion of Me bipe , The heavin ess oF The xy passeeg Thal Seéhon can 
be computed [ from ze > > a i ‘ aud The velan. v= G* Fy : 
— : 5 7 
; rs) Pe Sig od 
F beng the Sechoual @rea, at thal point ; Hence ihe Mean velagék 


Vv; anc The mean heaviness y Can be combuled fev Tics borhon of 
The Pbe whose diam. = ad o.} length = 1.44n he exberimernt <ie2 
Hees journo thal ot Romls net too rear the Rnnel-moulh the Temp, 
Inside the pipe. was always about 3° Cent. ewer Thaw Thal of 

the Fennel, The volves ot j the Adferent 2k beriments Mites 
thee competed from aqia) of lost SBD ged yt 
al The othey open tite ds hour heen evther cent = &§ a *—- 2) 


| Ag 
. directly observed ,or compuled from oh - sevyad qiseuntilies « ; | 
THE ST. GOTHARD EXPERIM EN'TS, ( Concrele quant 5 tedut® ts mee 
id ; Atmasrheres Tp. p y" Piece Py caus 
No feet He absabte A, Pin ibs sqindit.psea: Gh ie gf. | 


J i48092: %o.4osg $60 $.2%  $.29 | 19.82'2;°' .coas' | 
2 *1$092: S10.3209 %3S 4123.23 16.30 21° 00 36' 
$ 115092! 3: 2403 3.8% 3.45 2.79 IS.SS 20° cooly 
W292 :%,: .3768 $.24%- S.0v 3.92 37/3 268 _co4S 
SiiUgive! 3009 4.13 4.06 1.03 30.82 265 00214 (%) 
64102): 264 3.65 3.54 1.8% 29.34 268 roo4s 
| Tw The ‘avhide referred (Tour Noslrand's Mag.) f iS wot compuled, 
| The wriley confents Mimself wills showing chal . Wresshael’ s vahues 
C based on exberimenl} with small Prpes,) salen fle, ekg 
the pipes im use iw The funnel. ' 
With sriall Cubes an inck or less im diam eley We shael, 
found for a veloc, of eb oul 60 fl- per Second, Fs ,006 03 
} for shit higkey velocles + Was Swraller, Seprekwn «lel, 


Gre mue Tec Sr eal for 


ee 2 MANSMiSStOw oF comPR- AIR. 900 
a aa wik The relalion f= OS4¢2 NV in fl. psec, 
On p. 370. ,Yol. XXI, Vax Woslrand's Mag., Prof. Robinson of 
Ohie mexkens sThey trberamenii with large lang pipes. 
From: Fre St. Ccthard exberiments a value of 00¥ sas | 
be vuferred for Obbrex. use wilh Pes from 3h € une - Aacxevn. 
Example. Té is required fe Fremsmit i teady flow, & Sup- 
By ef G= 6.456 ths. of dmospheric aiy her second thre’ 
a phe 3eces ft. ts length (nearly SIX miles) from @ reser - 
teiy where the Teniton js &.6 aimnes, t Gnoather where it is 
.8 dxss_. the TEA Temp. iw the bipe being 80° Fahy. 
i= 24° Cert. { 3. = 24] * Abs. Cent.) Required The broper Paras 
. ales of bbe ; d= 2 . The vodiue f = .866425 may be used. | 


| as LA, Sec. ; The Tean veluame Passing ber see, f! fhe 
Mee = Gy. TB) 
if 
Be kt = - Whe a = ca = 
a a Be 
Ser rest fon. er e — 7 of = 
| The tecciss Aeewese. me low sty Come baked fox 8 Tee oise Ferab. 
jef 5.9 aleess. , S912 293 nat (bs. be 
is #37 ) is F = ae ——— ¥. 6667 = 6.43) cub. ft. 
koa : eXI7. 2¢7 -- : 
. ; € at =5§, ; 
i Gus oa! oy’ = G | 6.4$6 _ iy 14 cub, J = tat. 
C ype a ET fe) fe Hy 
ee “4, 3} 4 r €-43/ a y é z 
me from €q.€2} ; y x 
: ees *- 3 eg (Cam = 
Pe~bm 4 f | [@ | es 8) 
—- "ante : 7 


$10. (Case IT of § Sos). Case TT. consiWERABLE DIF- 
FERENCE OF pREssuRE AT EXTREMITIES OF THE PIPE. 
| Fhow s8TEApy. Fig. 609. Tf Me difference beliveen end len - 


Stems is combaralwely Great, we caw ne longer deal with tte 


whele of the ay te the pipe oh Ohee , as regards ascribing 


a . 
Te it a mean veloahy and mean Tension , but must Consider ine Sep- 
erate laminae, suchas AB, To which we nay ably eg. {2)6f § So? 
Se oe 


J 


Sones The p-p . : 
Bes per: 


ihe —— Lip, aud v, ' 


2. + ~ i-—---- -=- 
-.. be — = 


eee = eee? F, ; 609 of § $09 <erreé- 
(ISOTHERM. FLOW ds ey Shond ts fhe —dp 


ds, 7, aud dy sf the present pea (short sechor ov lamma }we may 
Peet f.%" 9, ..-- =...) 


s i 
’ a 2¢ Bul jG = wesht of flaca | 
Gimetant) | : meee 
per second, we “Mave at may Sechor fur = Cea. of coulmauadty ) 
22. Y= G— Fr , whente by steb shbiclior 7 €9, G3 we have 
2 ; : 
= 2 : 
Lee eS ie. —ydp = fi as 1 Oe 
Sf zed Ft," gf ed 
conlamme three warialies p, P, ond 5 (= distance of Jananea, from n’.\ 
As fe the dedexdexce of the Aeauines: on The Tension P md. : 
ferent lancoae , Cxperonent Show: Thef m most Sases @ “nijorme 
fed er shaded fre~ The sun; the Jess of Real by adcabahe @vpen - 
Sen berg ie greek bavi meade up be tz heal Geutvaled by the fre - i 
Tron agasnst the was of the bpe. Fiji ts due T the suman Doss aa 
Son per Leone? ef jens ih of Pipe &s Compared wiki Occurring te G Short 
ddeharge Pipe et norsle. Hence we may Freaé the flow as ISCTHERM 
AL , and werle Ptr = pe = | ge (3 ¥4Q Mariolles Law } 


<= >= — p whiek in eg, 2 enables te wre ’ 
tm 2 
j 44GQeP. 
— pap = 43G Pee Seo pdb= J : h ds 43) 
29 Fd n° 2gF 2 


6 
Performing — wilegrehon noliwg Met ot n° ps P. 5 S= 0, amd of mw’ 
>= Pp axa s=l we hove - 


ra a ISOTRERMAL. 
ee 
LVF sue Pp \= BSC : G pee FrLow in ‘4 
ey edad Fy. LONG PIRES 
FH is kere assumed fhat the leuscon af the exirance of fhe pipe ‘s : 
prackeally Co eecel te thet im the head reservorrjz ond that ot the exal | 
Gu‘) % that of the Wecetormng resercer, whee as ‘ol eeedly free | 


Yt SS ee a 


heme pevaiure is found fp exist ail alone the pe Fi preperts heay- 


§ S10 AIR W LONG PIPES. LARGE FALL oF TENSiew. 202 


especially when he Corners are mek rounded Jt will be remenber-| 
ed also that in eslébhshmg €9.(2) of § $09 (The basis of lhe 
present S$ ) the ” paerka " of bhe GAS was neglecled 2 0t. lhe change 
af deloesly te passing along he pipe. Heuce e9(4) should net he 
applied fe <aseSs where the pipe 4$ Se shest | or lhe dfferexee of 
Cul. lensions to greal a5 fk crealea « cousederahle difference 

of ae 4 at the lao ends of the pipe. | 

2 Xample. A well or reserveiy Supblies nabre| gas ab alten 

Seon of Pp. < So bs. per $9. tench. Tks heaviness at O° Cent. Sead 
One alemos Testor § -0380 dbs. ber cub, fool, Ten pipes the§ Gas 
aleseg « level & @ fawn Teo miles dilant 2% Sragle four-emeh 
pipeis le be emplag td acd the leusion ox the rEceuing TeSer coir 

¢ by Preper vegulaties of Fie gas dsl heled frm i) is he he kebie- 
geal Ke £6 bs hey se. sc Cehsehl, wonlel SteSlang & colcesen of waley 
fe@bout 2 fia fag hecghis te oem ~=OREN Seeley rraiormeley Fis, £63), 

The et OG 8 fiweperalicsé Se. Seg pipe being it Cent ., recutred the 
Leto = erecgheé 2 of Ges hele: 2s ae bee second. Solve (443 for ee 
uk i F 

re have | Ge ated: ANG ie : fae Roe) EOS Ey 
! Ls “¢ re Ul ee 

Fil RN 
Frist, from $437, wih T oT = 290° Ghs. Cent. we con- 
| A om 
BS © iexle oe guar 
| ad ie 8380 RISO 


mis 2 
| 32.2X Fe | Gox44)~ Crexiay) 
4X.003' Kres6o X 64240 | 
ce 0.2870 Ibs. per Second (For Compressed alos. air,un- 
dey like conditions we shodd have G= 0.430 ths. ber Seconel 


Of Course the proper choice of Re eo- efferent f phas am 
maborlant mf luence on Ihe result. 


Pay. KRobmson recommends the value f = .00$° 


9 SII “REACTION OF A LET 


CHAP. VIL. 
Impulse and Res)siance of Fluids a 


Si]. THE So CALLED “REACTION” CF A JET OF WATER Flow- 
ING FROM A VESSEL . In Faq. 610, if a frictionless bub woler-' 
Tight plug be mseyléd in The onftee iu the | 
vertical Side ot @ vessel roounled on wh es, 
The reswlant aclror of The waley on We ves - 
Sel (a3 a whole) consisis of Ws weight G 
aud a force p< Fhy Qu wine F =the’ 
area. of orifice ) which jis The excess of the 
Li hovizextal oslalé ncthadel Spotl: 
iz, Revtaonfal hydrosial?é pressures, Rward 
i the wight CUR paper) exer Whose Toward | 
Fig. 610 the left since The pressure P= -Fhy exert -| 
ie ed on ie piety 1 {ert by The ‘pes C avd 
mol by The vessel, Hewee the pest D vecewes o pressure 
pe = hy ------ CG) 

Now if D wee Suddenly removed, Aastigning 6 frelion a& The wheels, 
the vessel would eon B® tnclotmiy acc clesstad. Sa he Taword The riqht, 
Yhe acceleraling force being Fhy »&ud conlinue 1b unh) the oveice hed. 
left The plag. When the ‘plug is sub however, Oud a slec fleet 
Sab ub thro’ the erifice shob only 1S the pressure Fh lacking on the 
ell jon account ef the orifice bul the tum of the Norizontlal combou- 
enls , Wi te paper, of the ‘Pressures e{ the Vquia filaments against The 
vessel wall Ground the orifice is less Than ts value before the flow 
Degan by om Amount = Fhy (for Me welt-rounded morth-biece tie - 
{qure ) Csee next §). Hence duryi effluy, The resultant her zont~ 


p’ 


= 
srt 


(? heawmess oj win¥e> Or ainey hewid: ) } 


§ $12, REACTION” oF A LiG@uiD JET CN THE 


Fig. 61 VESSEL FROM WHICH IT ISSUES. instead of Show- 
mg thet the pressures ox the vessel close t, the avi fice ere ess” 


$312 °° «=8VWALUE oF TRE REACTION OF A JET. 20% 
Than before efflux by a defini, amount it is much swebler fy 
breal tha “reaclion"’, or pressure belieen tha base of the 
jet and the Comparalwely stil) waley behumd tha orifice im 
a divect ney aS {olows: het v= veloeliy of the yet 
just in the onduce Fg. Oils Ten v= A2gh- Also lel AM 
represent the mass of the quantity ef waley which iwhhe shorf 
time At hes had ils veloc. changed from Zero (yest inside the} 
ordue )To Us; then thé mean ccceleyahion of lg meohew has been 
= Y-~° aud the corresponding mean force which must have 

4t ecled belwecx this mass @ud The vessel 15 
a mass X ate. — AMA | If = Vol. of waley discharged 
: . At Ber unit of hme, they Amc Q; at 
Gnd ‘Stmce Vz J2gh Gxced a: ~~ eae 


os © 
Gua GPx eas F, 2ah | 


i 

fin 4 Reaction = ———_ 2Fhy ee ee ee | 

meig 5 ) 

@ the orifice is m thin plefe” we underslaxd F -as the avec 

Saat sedis) Predicatly, we have vs plach 
Sud hence (3) REM R ES a 


Gee 8 454) PMS Fy -- 


Exarcble. Wesbach mentions the exberimenls e{ Mr. Peley 
E wayt of Maxchesler England , as giving the result, pi_ 1.73 Fh 
with a well-rounded ortice as in 4 6H: Reda: = é 
fovrnd >= 44. for thé same orifice , Se Tat 3A), 

Preorel ically we have cae 20644) Fhy = 1.77 F hp | 

Wath an Ovid tee tw Then blale Mr E weayt found Pus, i4Eh 
As for eresult from €9. Ht, we’ mest. but fer F ae i 
the conlzacléd seco 64 F ($44 : pe ee 

; > q ) which with Y =~ 46 
- a P= 2.96) .6y Fly = We Ep ----G)] 

Bath reswls agree well with exberumn ent F 


$13. IMPULSE OF A JET OF WATER OWA ELXED 
CURVED VANE (wit BORDERS). The jel passes tangen- 
tally upon The vane . Fig. 614. A is the slahonary nozale 


n-ne erussersstse-seser—ssvss—sss 


“= 


nee 
i 


& ‘ 
eis 
Pat 


Mot AK PULSE OF JET 208° 
Dec wales of ae seme FG) Tyce 
: aS Ina mig es Tangenbelly Ubon 
the vane, which has blanue boy - 
clevs i fy paver, To prevent Me 
lateral escape of the jet. The 
curve of the vanes net civ- 
Culey necessarily. The vane 
beimy smooth, the velvet of 
Fig, 614. The = walev im ls curved ball, 
Temas = ¢ Gb a) pomls eng 
the curve. Conceive The curve chvided inky a Grech number of 
Sma) leuglhs @och = ds aud sublending Some augle =d¢ from. 
ls own Cenlre of curvalure, ils radius oT curvalure bemg =¥ 
Cacfferent for different ds”s) whieh makes Some angle = wilt, 
The axis Y 1 th original strought jel BA. At any inslent af 
Time There is On are of waley. im conlacl wilh the van @, exert - 
ing pressuye uben it. The presiure a/P of any ds of the vane 
againsh The Smal mass of wou ey Fdsp ~ g > Ren te contac’ 
wilh it is the “devialing eee Cexlrpelal force ancomule'se. for ibs 
molion iv &@ Cure of radius = us Qud hence musi have a 


value aP= [Fasy . g]csr ses+ ~~ Ci) (see & 76) 


The opposite and equcl of This foree is he AP shown in Fig. | 
oly aud 1S The impulse or pressure of Vhs Smeal press or 
opunst the Vong. Tts xX Combonent Is ax ed ap Sin . By 
malnng p vary from Ooh a ) And adding bp The Covresbond uw. 
yolues of ax, we obtan The Sun of the ox Combonenls of 
the smal ‘pressures exeyled Simullane ous) against the vane 
by the are cof wale, thew th contact with it. Tie, ne Thag As= rag 
ae Ce eee Ean pene a oy WE 
X= | aPsng - akg RR re | Sing ¢ =F | tsp 
i .° B= 0 re) © 6 af g o J e 
_.* - SE 
PRAM tet tasg <p 


te whith Q@= Fox vol. of waler which passes thre The tioz- 
z\le- (Cand also = that passing over The Vawe sin Pris Case) 


~! 
2a 
See aww”, -. & 
Sse ge Se 


j 
| 


| $ 3/3 “IMPULSE OF 3€T ON: WANE. 206_ 


per unl iE of T Time aud A= augle ‘Vdween Wie divechon 

the slream leaving The vane (i. eat D) and its orgie 
G\ direchben BA of The jel: i.e. a= tole] angle of oltuid- 
Ron. Simac larly The srem of Phe i Combonenls af the 
AP's ef Fig. 614g sia be shown Te ee 


Y- IMPULSE oa = | dPcosd = | ~-~-~-42. 
FIXED VANE * J: f “£ ~ Sin - ) 


Hence fhe resuilant 1 mpulse on The vane is iG. 
r= 4 Cue 2 eae SVS. [2 (i= <os8) a 


ancl aaa am os K eee: 61S" an the divechon BA Tred 


a a Sx ~~ ------¥) 


~~ I~ Cg S&% 
= 


gr example ifx= 90° ° then % “= $s} 


» Feg. ae aie: bane = O° 


| while if % = {60° 
- P" is N te the “yel. BA, 


aud Is Value iS 


== 8 


S14. IMPULSE OF A 267 ON) PY — me - Bs 
A FIXED SoliD 9° REYOLU:] nel ee a CG] 
TION whose AXIS iS PARALLEL TO. 1ET. FE 
it The curved vane wilh } borders , of The pr prea 1g. 616. 
g be replaced toy “ ra o| revolulio, a ee » Ot7 

g 2 
with Ws axis ie line of rhe jet 5 the Tesudlent 
‘pressure of The jeb “bon it uy Stmeply be the 
Sam of the X-~ componeuis (i-2- Wt =r of The 


Pressures On al Aemenls of the ve, at aqweu ea 


2. 
x =P" 2 Qy € Cr- cou) -. AS) | 


while the Components “| Te x, al\ ae ve The axis of 
the Solid, neutralize each HERS Fora FIXED PLATE phe, 
Fig: $18, a right angles > the jel we have 

the mipulse a «= 90°) 


(2 ie, eee fy =2F£Ly 0) ee, 
a | 


AY oe NE 
= 514 IMPULSE OF sets 207 


The experiments of 1 Bidone (1 (made in wn. 163 13S) ‘Cont tem Wim eq(G) - 
—quile closely. Eq (6) is applicable T The theory of Pitet’s Tube 
: (see § #91) ,Fe4 GIF {we consider The edge of The Tube plane 
oe . : rij +. “. aug. Fb cook, Wri & « "The waler nn the lube 
‘ ; ; hf 1S eb rest. awd 14s S@elion at A may 
tS be realed “i & lek wevlicat blale + 
cewimeg rol only the hydvoslaké press> 
ure F xy , due To The debth x below 
The tale bub a Conlmuces s impulse 
PY = Foy} ee (se¢ eg. te For The 
2 gusts i brie - the end A of The stu - 
Wrenary ehumn AQ, vee must howe so. 
Pape Gros Fay + Phy... ae he, on genes 2) 


Gee § 441 fr experimental support o| This relation ); Fa sechonat 


ee ne en 


area st A. 

@ Sdid, of revelulion is made cup- shaped, as in Fig 620 
Wwe have (as im Fig & 616 AS 1Go° and Sa >" 
slee 6 A: Feyy : 
é BANE S 
et 8....P "= AOD = aS) 2h ea 
ae 2 asst ti : 

Examble. Fig, 620 | if c= 30 ee per s2e, 5 ae bs 


Fi, .620 ned | 
aud the jet has @ diam eler ef | inch, Me Vaqucd bed, pas oe 
that p = 62.5 tbs. per cub. Ape neue [ Fe. Wb. sec. | Ps 


the impule (Joree) » p". 24 (iz) 9ooXeas_ 


32.2 


= 19.0S bs. | 
Evberinment weald probably Show & Smaller result Somewhat. | 


Sid’. IMPULSE OF A LIQUID YET UPON A MOVING VANE 


HAVING LATERAL BORDERS AND Moving IN TRE RECTION 4 
SF THE JET. Fig. GQi. The vane hasa : 
molicn of Translation (§ 1o®) | im fhe same di- 
veelion as the Jeb. Can thd “The axis a: 
Tt 3 is movin wilh @ vdoeily UY GWE 0.-- 
{rem The yet. lor’ Si Bward The jel, 2 ; 
)s negalwe>). We. consider VU Sara 

‘ts acceleya iow bem Prev aig ne oe ae 
proper resislance (such e3 5 weigil=G j 


rs: 


(2 ae 
; 
: 


‘MpOLSE OF JET ON MovING VANE 20k 


| to balance the X- Componenls of The ayvc-pressures. Before 
| Comme te tonlach with The vane »which it does fangentiaty 


1(1> avoid Sudden deviaton) the absolals veloc: $83 Jot the 


wealer iw the yet = c pwhile Ag velocity rela. ely ts The vane 
aLA is = C-v, this relalive veloaly remains the same a- 
. long Ihe ane j jor friction 2S disregarded Gud the abse}. velor. 
of tack pomt of the vane is of th® same amount aud divechon 
5 of any giker. [ 1.8. if the molion ef The vame were velar 
about cn axis 1 t& AB {or Ts C ) thes velahue veloal, wowd be 
afferent at ddferent pomls : See Hydvaahe Molors . tH & radins 
Of mudhon A the point A, however, wire quila lerge Combared with 
with the projection of AD ub on Tras vadius the relalive veloe. would 
| he Gbprok =¢-¥ at all barls of vant | Tt is evident that the 
cusclysis of. § $13. 1s applicable herve y pudllx'g C~v for ac 
of That arkele , whenez (from eo.) § $13 ) 
COMPONENT OF IMPULSE - = 
: : WH ODIRECTION OF JET eae =i tice ae) . 
(here ® 1s the angle of Talal devialios a hr am leaving lhe 
vane from ils ongwal direchon) and és ie Te be proporkenal 
the sguare of the velalve velocity, Fis the Sechonal ae 
andy the heaviness ($7) of Tha Vqucd. The Y component 
(or Y) of The resullant impulse is counléracled. by The support 
EF, fg. 621, Hence, for & uncform mohow Te be man- 
Taried , with & Given veloedy = aP,. the weeght G must be made 
=P in.eg, (1), (We here negled fridion and suppose the jel fe 
reserve ao prachcally horzenlal divechon fer Gin indefmrite dislance 
elore mediug The vane, qf Ths Uniform mehon is Toit Loward 
the jel, v ae be hegalive vo eq. C), making -. (Gud c) 
larger than .< pesihug v ay Same numerical walue. 

As ts the doin of work | 8s ILS le. |, Or eychange of 
enevgy  helween the Two bodies yet aud vone , duvin aq “Un 
Horne mohow Sis ea i from Ths jet ie exerts a power of 


Come =).-Eo= Bus Ep eafofp-ese|-@) 


~~ 
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eee s.-—_— 
; 


as ; 
tis which L. densies The number of unilz of workt clone ber | 


unl of Tune by a : t.e- The Power, ( 3 130) exerted b Ae 


: 
tf Vits negahivg , ta} ns —v Gud we liave The . 
es meg = ad a. v ms a 
Powe? Ex Pend sD Lop Pee At a 5 oo a | 
a WV = ae, a #¢ pt coset ---= : 
RY VAWE veON set) x ~ 
course  broclical ,We mre more conterned wih eg. (2) 
Than with {3}. The power : (2) iS A mAYIMmUm for 
Y= =¢: bul =a brachee sie a. single moumg vane oy {} 


we 3 
cannot whe The waley of The jet as fast as iE flows from 


us concewe of & successior of vanes coming 

_ Eo iiuoy vj of The yet, ol having ihe 
same velocity Uv; Then the porlon of jel mlercebled belu: cer 
Two vanes 15 ab Nherly To finish ifs werlt on The front vane while 
wdddienal workt is bang done on the hindey one ; i.¢.,the weder 
Jwil) be ubhzed as fast as iE issues from the nozgte_ | 

With such a series of vanes , then, we may pul Q= Fe, te 
Volume of flow pew umil ot Time from the nozzle, iw place of 
F (c-v) = the vol. ef flow wees goer The VANE, tre eq.Q@), 


whenee, POWER EXERT- pat Fa . 
Eb on SERISS OF VANES \=1 = Qr Ji~cosn\G-v)v aa 


; 
; 
: 
' 
/ 


eee” ome) ‘2 K=1§0" ) 

e va ie - Bick. = Nic a4 i wien ($ 
ES eee: oe 2 2 
sense tn whieh NM denules The 777@SS of the flovs 

= . ° ~ fr” 

per uwit of Time from the Slahonery nozzle. 
of Now Met is the enltte kineke energy 
(h Fg .622 furmshed per unit of Time De The jel -heuce 
Ge wet My Gat (Geet f <te) hero theme! | 


cml 
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effi aency of warby | ulelising all the energy of the evedép 
Tf This is True, the cahselulé velocity of the particles o-| Yequtd 
where they !cave the cub or vane, should he zero which 
is Seen to be Trae , as joows: At H, oy H' the veloeili of 

The particles relatively tothe vane is < c-~y = whed it was 
Jot Aland <. is = C~ = = £2: hence tH Ihe absolule ve- : 


= 


ee ee 


eo ‘ Pl E Toward 
wely 15 We (re). veoc, P Toward left) — (vel. = of Vane right 
=. a; QED. For yv be or < = c thes PHax, efficaency i 


will not be allamed : 
S16. THE CALIFORNIA HURDY-GURDY; on PELTON 
WHEEL. The efficiency ef uniy te The series of tuk $ yest 


“Mentioned iS tn ‘prache@ reduced i 50 ao £S per cent. 
from frich on und lufeval Escape 6K, 


of waler. The Pelion wheel 
or California “Hurdy-gurdy : 
shown in prinevplé only yi Fig. 
623 | is designed by uti lize the 
Mechanical princple just bre- 
Senled aud yields reswils con- 
tring the cove th we 
with the In€dty Velo isis! WHEEL 
of The cup-cenlres requialed T% equal + _ = (Sdeat >) 


aud wilh a= 1$0°, the eff revency abp roaches nly or [06 
per cent ot conlinue Fa 

as. wheel was ttwenled Ts ublize Sma}l \elg of v 

t } ih ° . . Ne J 

One eck veloehes (<) te FTeGions gust dese by “hydraul- 
te meiniing © oberalors . Although Cis Great, sin, by giome 
a large value 5 Yr the yadus of The wheel or ch Cee ~ 
tres) the mak mg uz = does uct hecessilase an seconven-| 
tently Greal sheed of volahon (e«. revols. her ame of Time ), 
The plane of the whl may he ew any convement posilior, | 
) Example. tf the yet Fig. 623 hus 4 ueloal, c= 60 
fl. ber Second Gnd js delerect thro’ a & inch no22e , the 


t] 
. 
J Ce ee 
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Re CALIFORNIA” NURDY GURDY Set 
tolal power due to The Kmedlic tnergy) of the wafer is (fr \b.see) 
a 2. : 2. : : tb 
Sree =e (2%) X60 X62-5 XZX 3600 = 4566.1 Ae see| 
ced if by malting the velocity of Tre Sepsis 50 eee 
of Tha power cam he wVged The power of he mhed 


[Simce. 3681. + S50 = 2.08 | | 
me Bo {t- pev sec. if we make the radius Ty = feet the 
angular veloaly of the wheel will be ww = UTT = 3.0 
en's Cfer radian sec EX, 3 G10 fer ang. vel., gio), 
which neavly = 7 thus implying Nearly & hal; revel. per-sec. 
$17, OBLIQUE IMPACT SFA SET ON A MOVING PLATE 
tiil-' The blale has amo- 
ae - Tren of Jee wilk 
a wuuncporim velot. 2 U iw 
udiveehan W Te jel whose 
velocity is = c@ . At O the 
ti laments of Viquid aye de - 
vialed, So thal in leauing 
the ‘plate Thet parlicles are all 
Found iw the moving plane BB 
Whe 777 A rhe plata surface jbut the 
resbeclua absolufe veloeihes eo These ‘parheles debend on The 
location ef The ‘pomt ot The blade where they Jeaue iL, beleg found 
b Jorma adtaqenal on The yelalve veloc, c-v aud The 
ahe veloede ~ of Me plate. For example at B the absolute vele- 
ky of & Viqued parkele is w= BE = [Xe (eo) 2e(e-v) cose 


while ut B’ tis BE = w= 4 yt + (c-~v)*— Qe(e-v) SoSh 3 
| bol evidenily the Component “1: te plats (the other com ow, ) 


eh . a a 
ache ah solule veloedias of a2? parlieles leaving ihe plale , 
is The Same and = VU Sime. The skin~friecion of the K- 
quid onthe plate being neglecied the resultant impulse of 

| The jet againsl the plate must be NORMAL To hy seudace. 


eerie eel 


« 
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and its amount ; P, is most readily found as {olows: 


Denol by AM the mass of the liguid Pessina over lhe 
blale Wm @ short Time At, resolve the ubsolule v 


eloehes of 
ell the Kguid parheles before cod afley ccvialion, n& combon- 
fenls 1 te the plate (call th; diveclion Y )and I Ts the plala! - 
Before medina the blafe the barlicles composing AM havea 
oT ww the devechion, of { of 5 = CSmQ ; on leav- 
ung The plate @ vel. te diy. of ¥ of U Sin & 5 they have 


Se er amouwl. of Y ude, = (C-U)sme&k in time At; 
i.e. They have Suffered an 


average relurdalton (oy neq. ac- 
; _ § "4. aceel- ; Bs C-v) sma . KHeece the re- 
ke fa Jeske lit Y At Stslance me d¢- 
sett of Y Ci-e the egual omd opp. of © ix figure) musf 
be T= mass X Faecel = au (-v) Sin & s aud “1, Smee 
hu =M: Qy. Mass of Wgjeecet passing oser the plale per 
— anit of tine (nod that issuing from nozzle ) 
IMPULSE 0@ So | Oe ee a ae 
PRESSURE on ec? Gov) sie = Lev) Sine GY 
ln which Fo sechonal areca of jel before mecling blafe ° 
Lye. Since eq. Ci) Can also be wrillen P= Mesine — Musing 
and Me Sime 7 be called Me ¥- Mom enlam Lefors Com - 
fact, while Mausinn sy Me Y~- Momentanr afler <on- | 
Tact , of the mass passixa oser blale perumet of Time) thes melh - 
6d is somelunes said fe be jounded on the brine: r of mo-} - 
merlum whick is nelhucy move than the relation thal 


the accel. force in any divedion = mass X aeceler. in that di- 
Tia % AS CY — = 
preston) @c. ae Mp 3 T= Mp, ; See S 2] 
I} We resolve ? . Fig. 624 late componenls one P, Ut 
Be $$ 


ae 
ee 
+ a 


& Si IMPULSE OF JET ON OBKIQVE PLATE 279 
fo the divection or motion (v and c), and the other aN te lhe 
@ame we have .' .. , am” 
: P=  Striog = OF e-u)ane ~~ wees eG 
* tage | 
Und P = P cas 0 = Or (c-v) cee cos ~.~--—-(3) 


(a= F(¢ ~v) = vol. passing over the Alale per unit of Time.) The 
force PY dees mo werk while the former, P', does an amount of 
‘werk P’y per unit af Time , ie. exerls a 

Power = iL = Pu= @y (c-v)v Gigi. Se 
(ont pLare ) aoe 
i inslead ot a single plale , Q series of plales forming A regu 
lar ‘staccessiont , tS employed , Then as ive Ce previous paragraph we 
may weplae Ql= F(c-v) , by Q°= Fe : oblawming as the 


PowER EXERTED BY JET \ Ls fer@-v)v as el ae (Ss) 
ON SERIES OF PLATES : ae ee oe ace 

For v= - Oud X= 99O sleeps 295 hs ae - ) 
= only hal{ The kineke energy (per Time «wnt ) of the jet. | 


SIG. RIGO PLATES Moving in A. FROID, TOTALLY su8- 
MERGED. FLUIN MovING AGAINST A FIXED PLATE . IM- 
PULSE AND RESISTANCE. Ka Thin {lel noid plalé have 

—— rh ed lh 
velocily a “Mrough flucd tasbcila, 
Completely Surrounds C Fig. 62S ,% 


Yes slame 1s encounlered. (» tock teviash: 


e 
be overcome by an equal an opposite er | 
word force not Shown in figure 1S pre 
serve The uniform molten con sealing | 

~ a normal comPonent Tt Bb 
aud & (small) tangential icy ea, . 3 ' rae 
Unless The cngle x, belween the suyjace ot plate cand the direcion of 
yeolion O.n.V is very Small jfe.,unatless le plate is mouing vy earl 
edge wise thro’ the uid, N is usually mel bial Ae The . sence 
vesistance belween a Sclid and fc has alyeady heey spoken of 
In § 469 


When the plale and fluid ore at rest The pressures 


——_— ———— ee 
§ sié MOVING PLATE iN FLYUIO- 214 
ote boll: Sides Gre Keymal 4 bela maak ; rele 
Safe fluid bressures. Whee eas ‘s eae Pa 
the normal pressures on the front surface are ssereasedl by 
he Compon exis rormal fp plale, of the cenlyfugal forces of Ke 
gurved filaments (such as AB) or siream lines “ hil 
a’ Sy mcs , & ile on the | 
Surface D | the fluid does nat close im fast enough To prs ~ 
deece Sa pressure equal Te thal (evex) of rest. . fact if the | 
tmohou is suff ccrenlly vapid and the fluid is inedlashé fa hes 
a@ vacuum may be mamlaned behind the plale as PF = 
Thee is evidently Mo forward pressure from behind. es 
Whalesey Dressure exists on the back ads of cerse, Te diminish 
The resultant residanc€. The waler on Ferny the sharp cer- 
evs of The plale is broke: up inla eddies foremg a “wake” he 
Rind Freer the accombanciment of these eddies, thre TeSslance 
tee Ws case (al least the tambonent Ni nermal be plale) is 
, ud te be due eddy - making ; though logically we should 
Sarg vallser, that the beady dees ne derwe the asssslance {or 
wegehie resislance)) from behind whic it would obkun if eddie 
we we formed, ic if the fluid could clese te behwed te 
Smock cursed sirecam-~lmes Symmdrical wut these im fron, 
The heat covresboudmg & the Temberal: - 
ee ta 8 ord ta 
Br oie Gikcs fc behets 2. the lve, x Wee - 
y | friciionn of 3 parlides m the eddies. it Whe <- 
one “4 the worke done (or energy spent) bn, the wm due 
force ure mapalametg the uniorm moltcr (3 te4 
Tf the fluid is sea-waler the resuils of Col. Beascjoy" s 
experi enks axe abplicable 5 wiz. : 
The resislance, per SGuare€ fost of aren , Sia slam ect bey a 
Submerged plate jnouing normal 5 ilelf (re. aw ¢o° | 
in Sea-waler wilh avelouly of v= Jo ft. per second is 112, Ibs 
Healso asseris “Thal fer other velocities the resis : 


lance varies 
asthe square of the velocity. This laller fact we would be led 
1 Te susbect from the resulls oblamed ‘im § S$!) for the impulse of 


t 


§SiS PLATES Movine IN FLUIDS 21S | 

jets ; also nS S14 ( see eq, 6). Also that waen the plate ‘moo- 

ed an To i normed (as in Fxg. 62S) the resislance was near- 
0 


ly equal (the tesislarcee at Saume veloc... “Wen as IO °)X the 
Sin€ of the angle x ; also That the debih ay sul meysion had no} 
influence onthe resistence. ae 

Conjinung our allenkon Th a plale roving normally fo Hsertt Fig 626, 
CE - Nu Oe Fa aren of plale , = heauwiess (§ 7) of the | 
q e I= fluid » v= he uniform velocity ot plale sand | 


: “Pay kan = the aecelevahon of graudly G 32.2 tor the foot 


os > \ es and second i 7.$! for The meke and second ) 
GR 62%. Then trom the analocy of 2g. ib) 3 514 p where 


<r foe velot.c of Yhe jet ugainsh oe stalvoncer 


plate corres bonds o The weloe. v of the plate in The presevt casé move 

Wg Through a flute at yest >we may write 
: ee - - ists 2. U MOY me 

RESiTaNCE OF FLL R= TS Fv te Jie 00 

To MCVING PLATE 2g guia 

Gud similarly for the dinpulse of On Indefinite slrecum anansl c 

fired plale(7 To veloc. of stream), v bemy the velocity of The current 


IMPULSE OF FLUID \s ?P = e 7 ria : vormal ) 
UPON FixED PLATE | fae te plate § 42) 


The 2 ‘19 talred-seed Stumply dor convenience ; Simee Shama Vv queen, 
we may easily tind ‘5 2g from @ fable of Veloaly ~heads : aud 
also Ca Ground ot Grealey impborlauce ) suace The c0- efficrents G and 
a twohuk depend on experiment are aidently abslraed numbers 
in the present form of these equatens; (for R aud P are jorces, 
and ty = 2q iS The Weight ( orce) of Qu ideal prism of flucd; 
hence 5 and Go must be abslract numbers 
From Cel. Reauto ie exbevimenls (See above) we have tor rel ES 
wale, [ ft. VB, sec. | Putling R= isa Ybs., F = \ sq.ft. ae 64 
ths. ber cub, ft ) Qud v= 10 ft- per Second , ; 
i LX $2.2 X12 se 4a jmny pt ag Q) foy reese _ 
2 = 4s \ = 
- 1.oX 64X 16 hate oe & be phe 

From the exberwmenls of Du Bust ow Thibault ,Weishach ¢com- 
"putes Thet foy The plate of Fig : 626, —— Trreua he éfiey 
waler ov airy. S — {25 for eq. Orn whiely 


§ 518 PLATES ri FLUIOS ee 20 | 
The 4 for oy must be Compuled from § 437 5 whiie for the | 
impulse of waley oy aw on fixed plates he oblais Cc tg Se | 


G = 
for use im eq .(2) tL. Yesulfs of experiment ta Mas ig echoi 
‘ ; > ° fe | 
Seem unceylous, cand conflidiing .) For grect velociiés G andS 
nek @céaler for ay Than for waley simce ~*~ Avy, be Comepress- 


tle, 6 of qvealey heaviness 


th Ye whieh 


; according to the erp rr cae) torm- 
1.B4 cosa —t} 


Klas: : [ 
A = plc «) BE pans ra aA ¢) 


Y unit of AvTER aud b- hal agaist lhe weehve - 


: Same velocili, Qe aint ofaren), Fora void 
of p = ¢o bs. per Square foot («s a Makimcre ) we hawé 
the folowing values for p combuled from GQ) 


Fer x= 4° 10. is 20 15° an 35" 4g” ys $0 Sf) Ga 
hey ft 5.2 -76 14 183 225 269 301 33.4% 361 39) 34.6 4g. 


520. NUMERICAL EXAMPLE UNDER $ S$). When a. 
blade @ paddle-~wheel) having an iS tw alg 
’ > ime 2 shia Bwana wreceapt: fe2 Fs Se as 
owest position iis veloc Gee N being Tren & ft. per see., 
whel residance is i Overcoming tin Sat water 2 
From 2g .(1) of § SIS with G= 1.13 and ye 64 Ibs. ber 
cubic foot , we have 


(Ft .1b. sec.) R= | X6X64X 2S 
/ 2X 32.4 | 
UY on the averag & there may be Considered & be three 
| paddles alway 5 overcoming this resislanc2 on each side of the 
wat, then The work lost (work of “slib") i ever coming these 


= 67, 4 is. 


fh 


Dae WD ae PA are vette + 
1 
; 


ay 


ae 


cy 


Bi 


en — ee Oe ae 


EXAMPLE OF PADDLE-WWEEL. 27) 


ae . ee SE ee -——W 


§ 920 


“resislunces bev Seeov Cie, power lost ) is 
Ty + . ft-pev Sec i 
L = |G > ¢ 164.4 | hs.X Q ft-pev sec. = Soe2 ft. Ibs. per Ry Jad | 


or 7.24 Morse pe. er L dice $9s2+ SSa=9 24) 

Ty, uvthey, the vel oeily ot the boot is uniform and= 26 it. 
per sec. the vesislance of the waler fe the progress of the boat 
at this >peed beng 6x 169.4, bg, (0164 Ibs. , The power expended 
Im aclual prebulsion is 

1... = 1l0164X20 = 20325 ft-ibs. per Sec. Hence the hower 


expended Th eth ways (usepuly we Probe) ston, useless ly ie'slip") 

1s +1, — 25410 ft-les ber Og en 4g 2 N.P. 

OF This , 7.24 Hie, or ‘chout 20 per cent, is lost in slip ° 
DAl, RESISTANCE OF STL WATER To MOVING 

BODIES  CompnEta LS IMMERSED. Theo ress taucd clepends 


on The shape, posiTion , and veloely of the moving body » and al. 
So “bor The Youghness oj ils aur! ace. ey it is poled ot both ends 


Ree ot a-- --~---=- (Rig. 628) with eons 
eee = — — eee ee eS 3 ; 
i EBs et ee eee ee Parudlel To tHe veloely 
3 += Aathed| = a n v, of “Ns LAr orns mo- 
ee ee a me SR os Ton , the slreum-lives 


igre aes ~ sri Lo ee ~~--- oh closing Toy ether : 
= 626 f oo Naga: Stnoothly at the hind. 
| 3- Qy exlyemil fern B 
: i : Pei s “, - 
exert hormal Pressures against The Suyjace of The porhiow CD B 
Seay Sea fombonenig “pproximalely balance The cor- 
Ponce Combon eng o+ ih2 normal bressures on CD A 
So That The resisla t .) 
eS +. a ae R } which must be Overcome lo mam- 
n The Kinderm veloul, vis man, due TS th kin -Sriclioi 
alone Aitvisuted S07 ly See lo the Skin ~frvclton 
“ey rine Alowg he external Surface of the eody the 
veswlant of These resislauces Ss a force R acting t« the line 
AB of symmelry Csubposing The rocky Sqimnelnical abort the 
diveclion of motion 


i 


ya's 


ar 


ee te 
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a 


i dies ave yormect round the corn- 


——— 


ey _ &Ys E and Fond The pressure on 


: Je 
Wks | oe, R<— >A - The Surry ace E...F is much )ess 
qf Usp : 


SS: Than in Fra, 428 31.e,, the waley 
a “yvessure from hehind 15 ess Than 
Fig. G27 The backward ong ifudmnal ) press: 

tures from in yront and thes The resullant resislince R (3 
due partly Yo skin ~prielion Card partly To “eddy -waking 
NOTE. The duninished Pressure on BF Js anuloyoes % the loss 
of pressure of wuceler (Flowing 1 <bipa ) afley [rarS1eay & nar- 
Pow seclion, The enlargement from which & The or:gina? sec. 
Tien is sudden. E.9,, Fig. 0 3u, Sepposing The velocily UV and 
¥ 5 Fig. 630 3 Pressure pP (per stink -avece } EC 
ee be ME sauve respectively 
ee Me ct A aud AX, tie the Two pipes 
Shown wilh ciameley Al 
, SS Bee WKS ALS WiiK": thew 
cumin eg Sek the pressure al M = that : 


eee 


i 
4 
i 
Q 
5 


Sg K- at A C disveqardey Skin “x 
frechion ) whereas That at M° is Cau Sealy ess TFitsce lhat 
al A” an accvunl of tig head los€ sa the Sudden exik a 

) mee 
ment. C See ak 6 Fig. S62 ) : 
Re Sy ident: that blufiness of slérn increases fhe re- 

Sislancé Neh more hay dlefr, CSS of bow . 
Tr Any Case experiment Shows Thal for H Given body , Sym 
meFricc) about on AXIS and moving through a flucd Cut 
4 


only water but any flucd ) in the ctveshion ef “its axis with 
Unt{orin velocily = Vv, we =ee wrile The resislauce 


R = (resislance at vel. v) = cs Fy De er 2) 


&Ss ty brecediny 33. F = area of . the J. veulest seclion, 
“lL % axis of the exlernu) Suyjuce of rody (rot of the 


RY BS 


(ot a a RE ESC EA ET MAGNE RRS 
§ S21 MOVING BODIES IMMERSED. 219 |} 
substance ) he.The seclioual avea of Ihe Seg ELS aE Pasty cylin - | 


. . ‘ ‘ 4 ‘ 
dey Ceylind ey in lhe ees gener d sense ) with elemews WT axis of 
. - , ( cis ° 
bod . =~ the lecvineso (? 7) oF the flucd and v= veloul; 
of mohen } while i hy “nn ab stra cl num ber lebend ent On ez- 


Be cab. | mae 
According vA W ecsboouck , whe eles different experimenters we 


T cou pul for SPHERES moving in waler = - about 0.85 
1 - ang Y 
) moe hulls in wader S = 467 S expeint® 


A cording tb Robins and Nulfou yor SPHERES ik AIR 


iB aze nn : ele 
a ae | 5 29 100 200 yo 00 Soo. ey 9 


wees? 63 67 «7! MON Rete fe 
Fer wueskel balls ine The air, Probert foxnd 
S = 0.491 (1 + 0.0023 X veloc. in metres per Sec.) 
From Du Buut's experiments , fer the resplunce of waler h 
" right «sega hroving Cudwise und of leng Fe =i 
Merete = 0 4 2 8B 
S es be £40 ° 1-33 


For @& Crrcul cy ty hinder moving 7?) Te th asa 5 1s Oné- 


freegine and Tension oj one al.mesphere Ts a inwokel -ban a neh 


a te whea moving oe, Oe a vedstily oj 32s ft. per Seg. 
djs Whus delermmed by Pichert's formuda above ; 

G= 9.4s1(i+ .0023X100)= OSS¥ — ~*, frome. W), 

Bee oy sexes 2 | 

= 5s5¥X Sf.2.)\ ¥. 0607 XX ——_——__ = 0 - 1 01& Jb; 

a =, X E44 :. ; 


422. ROBINSON'S CUP ANEMOMETER (for measur: 
ing the velocily of The wind ) consists ef four hemisbherieal 
Cubs of Thin melal | Fog. 63) ‘ set in acivcle all facing ihe 
tame way Lae ent % the Civele , aud So mounted on a light 


ts be cabable of volaling , with as 


bub rigid frame 


~worlt as 


Boge 


Lathe fricleon as bossihle 
OMe wertical ALi When 
iN @ current of av (or 
alhey fluid) The whol<, 


beame~ work 3COnS AS- 


Shmes & uni{orm mo - 
constant ts Tiow of rolalion Cwith oa 
Corresponding line <r velucly oy" of The cenlre of each cup) 
bearing adefinile vale ti the veloc, y~ of the particles 
of flute (ie. y= veloc. of wind ). Sve experim ent. shows 


- 


Bob for the same relalve Velocely VY Cop fluid with re- 
Sheci Te cub , or vite versa ) the anpulsé or rtSislance 
as The fase ma be, is @boub 2%, Treces ~> yreat when 
the hollew is arcsculed te the current as when Te convex 
side is made T frc€ the sree of 4tr, We muy Compute 
youghly the _walue ot Tres aneorm y" for fa ere vu? neg 
leding the {ricion o axle and Th: inf Luence the cues 
yent om Thess Cups the planes i whese op enmgs art 
a ie The “terri as fer’ the Mislant | 

qj Then we pub the un pauls ey resskance with the teollowy 


we front a ‘Sy 
Omd that whe, ths fonvex Suyjace 1s tn front . 
Beep A eA = in GQ) 
c ¢ r 2 


Wwe may write, Approximaldy ss . 3 = 2.9 a act (3) 
Regarding only the Teo <“pS Aang Bl which ot adefia:te 
Pos. # A wiskund are moving thew cenlres ) oe dines 
i & The divechsu ef The Wind git is evident 
MeL The mofie:, of tie cups dees not be -~ 
Come uniorm uahl The relulive veloat 
Wy" oT The wind and Cup A Crelrealmg 
before The wind) !S 30 sma)l ,aud the red. 
ahue veloe ty vtu" with whic: B advances 


> 


& meet The wind 58 so ereal ; iat the 


d 


£ 
; ; 
“4 
" J 
; 
“¢ at 
a ; 


moa CUP ANEMOMETER 221» 
“yn alse ot The Bwind on A equals the resiSience encoun- 
Tered by oan ee ores am and P > Yespechuely , having ‘equal 
Jever~arnrs about C Phe axis. We may “owes or uniforin 
= . i ; i 
rolary molion, since the wv of A = vey : KV of B= v'+ v 


a “ i ’ wy 
a B @-v") = Ol 4 Ce oe Iam eee 


3 WG. See eq..3 ), 
' ee uu 2 , 2: , 2 
Re Ge )= G40) 5 eeu 2 '} 6) 


Solving tor The ralis us uv" we find Vv: v= Uke or vs 44y 


1.2. for an ahserved veloc ili, v" of the cup centres, the ve- 
erty, of the wind is about four or {ive Times as great : 

Experiment shaw however, that the ralto is: vanable : that 
for moderale wireds iL = yrom 2.8" to 6 j for very slrong 
winds as high as 16 or }} 

$23. RESISTANCE 65 321:P5. We shan firsl suppose The 
ship To be Towed al a uniform speed,/.e. Te be wilhout means 
of self- propulsion (undey walér}. This beng the case it is pod 
thal at moderate velociliés (under six miles per hour ), the 
oh being of “fair “fori (fc. the hud] tu rering beth at hour 
and slern , under waley ) The resisiance in shj) waler js almost 
wholly due fe skin-fretion : i eddy-maleing beng done ausaey 
wilh largely by avoiding aw hluff svera, 

When the veloely <s grealer Than avout Six miles anhour 
the resislance is ~~ -. . much larger than would be acounled 
for by Skin-freelion alone, ul is jound io be connecled nt a 
the surface. dislirhance Or laves Produced by dhe moleoas 
af the hal in (orginally ) shill: water, Theeshoriments of Mex. 
Froude and his son at Torguay England wil models in a 
lank: 300 feet long have led js Imporlant rules [ See Mr. 
White's “Naval Archifeclure ] ot So bre ovlioning net only The . 
Telal length of a ship of quen disblacerment bul the Jeng Th of 
the ENTRANCE (forward Tapering part oj hull) and length of 
RUN (hinder i tis oS abe. stcurk te 
Minimum waie-~ making” resislance )» as This Souvce of ve- 


e522 RESISTANCE OF SHIPS 


Sis}ance is called, . oe 
To: quele from Mix Whie Lp. 460 of hus Naua) Arehdlec live, 
London ,/852 | Ge ei nie up The foregoing remarks it appears: 
QQ) That fneclional eae en depencling mper the area_of the 
immersed surface of * ship >is degree of roughn ess, ils length, 
and (about) the square of ils Speed is not sensibly aff ecled by 
the forms and proportions of a unless there be some unwont- 
eck singularily of Jere, or wan of fairness. For mroderale speeds 
ths Qement of yesislance is by far the most unbortant; for 
high speeds “LE also gecubies Qn impborlant posilion — from So 
to 60 per cent. af the whole resislance , probably, in avery larg @ 
tumber oj classes when the bolloms are clean ; And a largev 
percenlage when the holfems become foul. >? 

*€(2) That eddy- making resislance ig usually small, excebt 
Tm special cases and amounls lo © or 10 per cent ot lte 
frielional resistance. A defechue form of Slernm causes large - 

‘increased eddy~ makin Se. x ‘ 

€(3) That wave-makin vesislance is the element of the To- 
Val yesislancé which ic most influenced by the forms and pro- 
portions of shibs. Ils rato to the friclionatl resistance, as we)l 
as ig absolule magnilude , debend on many circum Slances ; lhe 
most tm borlant being the form s and lenaths of the entrance ane 
Tun, ie relation To the inlended full Speed of the shib. For ev-~ 
evy ship Where is a limit of Sheed beyond which each small tn: 
crease im Sheed is allended by a Aisbroborlionale increase iv re- 
sistance « and This linmnb iS fixed by the engths of the enlace: 
ard run — the "wave ~ making fealures’ of & shib Ms 

“ The sum of these three elements conshLute the tolad résist- 
anee offered by the waley Ts The molton of a Ship bowed thro’ 
Ve oy propelled by Sauls 3 ina sleamshih There 15 an “Qe - 
ment : of resiSlance due te the achon of the propellers.” 


Tn ho case of Q screw propeller at The slern The augment 
To The vesislance varies trom 20 te 4d per cent. of Ihe 
“bow robe resistance | on account of the bresence and ac- 


Non of Nhe propeller self ; since tts achon velieves the 
slern of same of the forward hydrosfalie pressure of \Re 


waley closing lv around rc Stuf the screw iS blaced 


re 
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fay oack of the slern, This dung rent 1S very much diminished; 
but such a posilion involves risks of vaytors Kinds und is rarely 
ilo }sved. 

We may cunbuie absvoknnadely The x. sslance ef the waiter 
To Sa ship 1 ill N @d bu ob ans “uc <x uN form vocally V, i iF 
following manner: Lct L denste the Power develsped ta The en- 
gine eylindey 3; whence pulluwiry JO d.r cent. of a; for enine fric- 
Ton > and 1s wh for z World ray slip. oF rire propeller -bi ee yw e have 
Tremaine a. 75 ae 1 5 expended ive overcoming Ihe vesislance R 

thy ough - distance = DY gach unc oF hve. 5.2 - 


f- i ESE aa oo epee na ees | 
(approx.) rey 6p 2 = Rv meee NES. 2. 
Example. i 3000 madiealed | oP. iS ste by the eveqin 
= iinwey ab aispeed of \S miles per hour oo a2 fae 
a. have @itle agave wahowoercc per 2442 and trite yrse ‘ou } 


& fe * ete 3 
[Foot ~2h~ sec. “aia a =RxXx!2t “% R= F8290 Is 


az 


Fuvlher siice Rovaries Gronghly } <> fhe spare of the valec. 
Hy, a Cun s. be wrillen k = (Const) Ku" gf EE hove froin G) 


eo: Couslant X ye fons ete oe eae Co 
as a roughly Approximate re lulion befwier tae Speed and lhe 
peer N<Cessary 7 maivlony a weaijorm ly ) Ta wew of 7. 
GB) nwolumg The Cube of The velocity @Ssit does, We cay Under - 
sland why @ lure icereuse of power is NeCEsmavy id Guia a pre> 
portional y Sia ue Cyeuse of Speed. 


323. TRANSPORTING POWER OF A CURRENT. This is 
somelimes slaied To vary as the sex th power s} The veloc - 
hy of The current . by which SSalement 1S meant ore definile - 
dy, the JoNewing : Fig. 635.. ; ans ; Ag YY ah eee 


Be 


A et 
~*~ . e . 


~S ™~ ~ 
‘ ee z : ae ae See ear — 
Suppose Pees o| cua wal ~ te : Vu mes ss 
(or olhey Solids of Similar >>. Sse or, De 
form) of Many Sires, all be ~ > 
of The sume hewinss, » > a age 
s . € ~~ a >» > ~ 
and Su tax Sileen.cd Hees ~ re ee ~ 
Z . 


To be placed on the horas > 


= : Ra os eee. 
bollone of a Trough Gund Ly & af oe gig eeri oh Fig-6 3 


———— 


th) = 
g S232 “TRANS SPUR TING POWER oF CURRENTS | 224 
Tres Ba pe-cd Tp = Carcent ° wuler cons pletely Immersed. 


Seppore fhe CB~OTICi ab 0} frichar belween the cubes and 
_ | the Trouch- bolo Te be Mg Sarcve yor atl, Then ,as he <ur- 


rent is given Grealey and uvenley veloaly .v , the imp alse 
é é 
fr (corre-poncuny To @ parkeuiur ucloé. V against Some 
mi - a m F 
One im, of The cubes will be gus deficient 5 move ib and 
at some hyher jeloc. UL the Imp ulsé again t Some larger 
cuke * wil} be just sufficient tT move iC nals Tern, 
Xe. 3 a S 
We ure prove Thal bi oe Ea = yo 
. bare : = ne i 
Since swhen 2 cube b.yins te Move, The ; ols é is tcucl & ihe 
friction on its has€ aud the. frielioiis aucter the cubes (when mo- 


ee 


= » . ‘ e . ‘ 
Non is tm bending > ure proporlron<i tM fhe: volumes {see ahove } 
3 Ww bs : i 
. have 3 Also ; the QM puise td on ine cubes, whalev- 


éy The veloc: ty ~. Fv b2o bhorlonat fa ee 
~ il . ‘ e « H 
THE areas asi 15 ib @ jteuare.s} The Vée- 


vec (Ge, § 52. ene = 
ci s( $52: ae. 1): - a 


mS om 0G) 


so 


me Aes 


; in arly} DA ne x . 
From @) and (2) © ee ee 
a 2 eur. ae ae | 
— =a pai ass BE, X on ee ; n aq a 
y* ae -— 3 ae = et ae | 
= is i UY we hy ets sebsli luted 
. ‘ae ES Fin easier | 
mi 29.Q) qwes é ae - biel of ek 
| J Mm n = Vv a VU fete Net {3 


in- R 
1 
T hus we Ste tw Aqéeney-l ray why lL ts Tul the Ver 


Toads of ® slream is doubt iG fy Mopeorling power iS 
inCrzased about - sixly ~ four feld } Feont Car new Imbel a- 
Yona the belfom pebbles Sixty - jour Times as heavy as the hea- 
test which it could move before a of dare Shape awd Sebslanee) 
T hough reeks Are yen erally jrom R BS Tunes as heavy as walter 
thety oss dj weight wacley waley causes Them TR encounter less friction 


on the hellom than if not immersed. From Du Buad's expenmenk 
it appears that a velocity: 


oh ee : , 
oF at leust % ft ber d€€. 13 aac | TG Transport silt, 


ts = ae : Als a} ro . % ) 
2 & . OAan7: 
be a; ] oO ve .. s = 2 
A = i 5 ft: >. Se, 5 my A a2 . oi . cir ! 
a Prat og ruvel ; 3> ers pebdles Gh inch ire diam eer. 
4° broken sione ; Ss 


a ee challe , soft shale - 
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